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Preface: How to Utilize this Book

Darren S. Proppée*

This volume is dedicated to explaining the role that behavior plays in the function and

ecology of free-living songbirds with a particular focus on its importance in conservation

and management. Understanding songbird behavior is no small task. Indeed, many

have dedicated their careers to studying particular aspects of songbird behavior. In

addition, there is a long history of study on the behavior of animals—often located
CETQUU FKURCTCVG *GNFU CPF CECFGOKE LQWTPCNU #NVJQ
conservation and management is a relatively new endeavor, many of the underlying

processes and systems have been explored in detail. In fact, developing a text that
OGTGN[ GZRNQTGF DKTF DGJCXKQT CU C UEKGPVKe*E UVWF[ C
and Lilian Stokes wrote several volumes on bird behavior in the 1980's [1], and in 2001,

David Allen Sibley wrote an excellent and accessible text called The Sibley Guide to Bird

Life and Behaviof2]. Other texts have extensively addressed the song system [3, 4] and

elements of avian migration [5—7]. Still others have examined the impacts of urbanization

on birds [8, 9]. In 2014, Dr. John Marzluff published a very informative and easy read

for a lay audience called Welcome to Subirdifl0]. In part, | cite these texts here to direct
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you to some of the excellent resources that are available. But | also wish to answer a
guestion: Why another book? Our book is distinct from these texts because it explicitly
addresses behavior in light of the conservation challenges we face in the human era—the
Anthropocene. My goal in editing this book was to provide a ‘one-stop shop’ for those
interested in integrating behavior into management or applied research programs. That
KU PQV VQ UC[ VJCV [QW YKNN *PF GXGT[ DKV QH MPQYP KP
pages—far from it. Rather, we aim to provide the needed groundwork to understand
basic concepts and to recognize where research has led us at the time of publication.

Chapters are broken into particular behavioral topics (e.g., habitat selection, foraging,
personality, etc.). In reality, however, animal behavior is not a discrete set of responses
that relate only to one topic — or ecological system. Rather, there is much overlap. What
an animal eats, for example, is related to energetics and foraging strategies, but also
associated with predation and social information. In the same vein, anthropogenic
changes will likely alter many behavioral systems. Human-produced noise might impact
communication directly, but also impact foraging and sexual selection. As the editor,
| have worked with each author team to keep their chapter within the bounds of
their particular subset of behavioral systems. But do not be surprised when particular
behaviors, or particular anthropogenic stressors are addressed within several chapters.
In fact, this repetition of themes should reinforce the notion that behavioral responses
operate along a continuum and within a multi-sensory input and response system. To
suggest, for example, that predation and habitat selection are not connected, and that
personality would not impact both of these systems would be misleading. Thus, chapters
are designed to be separate, but overlapping. One positive aspect of interconnected
themes is the potential that a few management techniques might go a long way towards
preserving many behavioral systems.

To provide a foundational understanding of behavior, each chapter begins with
a primer on the stated behavioral topic. Every chapter is written by experts in their
particular niche of songbird behavior. Each author team is well published, actively
GPICIGF KP UEKGPVK*E TGUGCTEJ CPF YGNN TGICTFGF D[ V.
was also instructed to write in a style that is accessible to fellow academic researchers,
on-the-ground managers, and engaged community scientists alike (although we know
VICV OCP[ QH [QW YKNN YGCT CNN QH VJIJGUG JCVU 6Q IGV
author has peppered their text with examples where particular species or systems
display the behaviors being described. The intentional inclusion of examples was
designed to display the phenomenal capabilities demonstrated by songbirds, but also
to accelerate the application of information to your system of interest. These examples
should also be particularly valuable for managing or conserving species with little
published information. For example, Otter et al. (Chapter 5) describe that some lekking
species might be more reliant on characteristics of ambient lighting than most birds [11].
Might the system or species that you manage be similar? What elements of your system
might elevate, or not elevate, the role of light? Of course, most the time our examples
will not directly address your particular species. But this is one of the beautiful elements
about studying behavior—there is so much to learn! So, | challenge you to let the text
push you to think more deeply, and more creatively, about your organisms and systems.

Once each chapter reviews behavioral fundamentals and the latest research, the
authors move on to describe some of the primary threats stemming from the human
alteration of native habitats and ecosystems. Perhaps this is the crux of the text. If we
are going to successfully maintain diverse songbird populations and communities, we
must recognize the threats to their established behavioral systems—which may go way



Preface: How to Utilize this Book vii

DG[QPF UVTWEVWTCN QT XGIGVCVKXG EJCPIGU VQ JCDKVCYV
UEKGPVKeE NKVGTCVWTG CDQWPF CNNQYKPI VJG TGCFGT V
topics they deem most pertinent or interesting. In each case, threats are followed by the
presentation of potential solutions. On this front, some authors are fortunate to be able

to report on protocols that have already been implemented, or experimental solutions

that offer promise. Others must recognize that the solutions are yet forthcoming. But

hopefully that is why you are reading this book — to play an active role in developing

solutions that can sustain behavioral systems in songbirds, and thus their existence, in

a world that is changing with incredible speed. Understanding the required habitats

utilized by birds is critical, but failing to integrate the role of behavior into management

is likely to produce subpar results. It is my hope that reading this book will lead you

to agree, and that it will spur the development of holistic and novel techniques for

managing songbirds.
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Chapter 1

Static Organisms in a
Changing System?

Darren S. Proppe*

Introduction

Domestic chickens are known for simple, predictable, and often stereotyped behavior.
Eat, sleep, eat, sleep, eat, sleep... repeat. Although chickens are not songbirds, | open
with this species here as an example of an organism with which many people are
familiar; one that vividly portrays the types of behaviors that lead many to believe the
actions of organisms are by-in-large static. But for those who have owned and raised
chickens, or for that matter any domestic animal, the story is more complicated. Some
chickens choose to feed primarily from a food cup while others forage predominantly

!Research Director, Wild Basin Creative Research Center, St. Edward’s University



QP VJIG ITQWPF 5Q0G KPFKXKFWCNU HQNNQY VJIJGKT QYPGTU
human presence. Even behavior within an individual is not static. Not long ago, an

unfortunate dog attack left one of my chickens severely injured. Although the chicken

made a full recovery, her behavior was forever altered. The sound of a dog bark sent

this free-ranging chicken in a full sprint back to the safety of the enclosed coop. Before

her incident with the dog, she responded to an audible dog bark by merely raising, and
UQOGVKOGU EQEMKPI JGT JGCF 1VJGT EJKEMGPU KP VJG UC
this minimal response to the acoustic sounds of a potential canine predator. They had

not experienced a fear-inducing interaction with a dog, and did not socially learn fear

behavior from the injured chicken. Thus, they had no learned fear response as a result.

While an experienced chicken owner will likely recognize the presence of among-
individual and within-individual variation in behavior, an educated owner also knows
that some behaviors are largely static. No one expects that domestic chickens will
suddenly become migratory. Nor will they begin building nests in trees, or nests at all
for that matter. More narrowly, if an owner desires regular egg production, they must
RTQXKFG VJG TKIJV GPXKTQPOGPVCN EQPFKVKQPUMYJKEJ K
space with soft bedding. In fact, the importance of understanding and accommodating
behavior is rarely lost on one who own pets or livestock. Dog owners speak regularly
about good or bad behavior, and often elaborate about their pet's personality. Ranchers
know which heifer or horse to be wary of, and farmers know which goat or rooster
should not be left with children. Despite the clear acknowledgement that behavior plays
a role in the care of captive animals, behavior has not received the same attention when
it comes to the management of non-captive organisms.

+ QRGP VJKU KPVTQFWEVQT[ EJCRVGT D[ RTQXKFKPI VJG F
FGUETKDKPI VIJG JKUVQT[ QH DGJCXKQT CU C UEKGPVKseE <G|
and cue-response systems as the mechanisms that underlie the behavioral responses
YG QDUGTXG 6JKU UGEVKQP KU HQNNQYGF D[ CP GZRNQTC
behavioral systems, with focus on relevant songbird responses to environmental cues
and signals. | then place these systems within the context of anthropogenic change —
addressing the need to bring an understanding of behavior to conservation and
management plans.

The Foundations of Behavior

$GICXKQT KU DTQCFEN[ FG*PGF CU VIJG YC[ KP YJKEJ Q
GURGEKCNN[ VQYCTF QVJGTU VIJG YC[ KP YJKEJ CP CPKC
KP TGURQPUG VQ C RCTVKEWNCT UKVWCVKQP QT UVKOWNMW
phenomenon or a machine works or functions [1]. For our purposes, we will focus on
CPKOCN DGJCXKQT OGCPKPI VICV VIJG UGEQPF FG*PKVKQP |
UQOGVKOGU VJG EWTUG QH CPKOCN DGJCXKQT CU C UEKGH
TCPIG QH *GNFU CPF GZRGTVKUG (QT GZCORNG OWEJ QH QW
and behavior was developed by prominent psychologists with an interest in explaining
JWOCP DGJCXKQT /QTG TGEGPVN[ GPVKTG DTCPEJGU QH VI
dedicated to understanding the development of behavior and the proximal mechanisms
VICV WPFGTNKG PQP JWOCP CPKOCN DGJCXKQT .CD CPF *GN
behaviorunder PCVWTCN EQPFKVKQPU L C RCT\eKENyN@DITs BLElGP CTKQ
as learning and cognition continue to be explored extensively among psychologists [2],



producing many advances that are relevant to biologists focused on behavior and
management. Animal behavior has become a focus of study for many ecologists as
YGNN YKVJ HQWPFCVKQPU QH VJG *GNF GUVCDNKUJGF KP \
UWEJ CU OKMQNCCU 6KPDGTIGP -QPTCF .QT2&EP\JCRRF QEGNQ}
6KPDGTIGPOU OQUV UKIPKeECPV EQPVTKDWVKQPU VQ VJG «C
SWGUVKQPU QT CTGPCU HQT VJG Ca¥aion QH OBHKOCRKL®JI CCXR
development QT QPVQIGP[] QH DGJCXKQT FGUETKDGU OCP[ QH VI
captive animals. Ecologists that study behavior tend to focus on Tinbergen’s second two
guestions: function QT CFCRVC¢¥wRten QFFRIJI[NQIGP[] QH DGJCXKQT 6
guestions may be thought of as exploring why particular behaviors occur, which is often
GZRNCKPGF D[ VIJG EQTTGNCVKQP DGVYGGP VIGKT RGTHQTO
expression. This study of ultimate CU QR R QpiaRifaté QGZRNCPCVKQPU QH DG
QHVGP F G pbBravora Bcologfp].

9JKNG 6KPDGTIGPOU FGUKIPCVKQPU JCXG DGGP GZVTGOC
understanding behavior, they have also had the unintended consequence of creating
UQOGYJCV UKNQGF *GNFU QH UVWF[ 6JKU WPHQTVWPCVG
FKHeEWNV[] QH VTCEMKPI VJG XCUV NKVGTCVWTG HQWPF
and the sometimes differing study techniques used by biologists, ecologists, and
psychologist [6]. To fully understand behavior, and to manage animals accordingly,
will require an integrated understanding of all four of Tinbergen's questions. The
focus on collaborative management and ecosystem approaches in recent years has led
to an exciting and unprecedented integration of information about the development
CPF HWPEVKQP QH DGJCXKQT =L ? 6JKU KPVGITCVKQP KU V
to sustain populations and communities of songbirds in landscapes that are changing
rapidly. No doubt one of the keys to integrating behavior into management for songbirds
will be understanding how, and how quickly, behavior can change to accommodate
shifting environmental conditions.

Learning and the Development of Behavioral Response
Systems

6JG FGXGNQROGPV QH RCTVKEWNCT DGJCXKQTCN U[UVGOU
processes of natural and sexual selection that leads to physical traits better suited for
particular environments. If behaviors are thought of as responses to particular situations
or environments, variation in these responses must exist for natural selection to shape
the system. Within this range of responses, there must also be variation in how the
TGUWNVKPI QWVEQOG KORCEVU «VPGUU G | UQOG TGURQ
VJCP QVJGTU 9JKNG JGTKVCDKNKV] C MGI[U\
the development and maintenance of many behaviors we observe, learning can also
maintain some elements of behavioral systems. The basic cue-response system that
leads to standardized behavioral responses, and to changes in behavioral responses,
can be represented as a triangle with cue responseand outcomeat the three corners

$QZz #NVIQWIJ GCEJ VGTO KU UKPIWNCT JGTG KP TGCNI
elicit a response, or responses. Here thecuerepresents the environmental stimulus that
could trigger a particular response. To understand this in human terms, simply imagine

VICV UQOGQPG KU EQQMKPI DCEQP HQT DTGCMHCUV KH [Q
HCXQTKVG HQQF JGTG #U OQUV TGCFGTU CTG RTQDCDN][ C



JCU C UVTQPI FKUVKPEVKXG UOGNN 6JKU UOGNN EQWNF D
might trigger a responsdrom nearby humans. The response to bacon is likely to differ
COQPI KPFKXKFWCNU DWV HQT VJQUG VJCV NKMG DCEQP K
and consume bacon. If this response does lead to consumption, theoutcomen the bacon-
lover will be positive—a pleasurable dining experience. Repeated experience with this
RCTVKEWNCT EWG TGURQPUG U[UVGO YQWNF GUVCDNKUJ C |
DCEQP +H DCEQP YCU VJG QPN[ QT RGTJCRU VJG OQUV DG
*VPGUU QH KPFKXKFWCNU YKVJ VJG NePF CPF GCVO TGURQPL
would be selected for. If genetics were to underly this response, selection would increase
the prevalence of this response in the population by favoring the responsible genotype.
'XGP YKVIQWYV IGPGVKE WPFGTRKPPKPIU GZRGTKGPEG CPF
NGUU RTGXCNGPVY DWV PQV CDUGPV KP PQP JWOCP CPKOC
response. While this example is somewhat silly and underestimates the complexity of
behavioral development, it does provide the basic level of understanding needed to
ITCUR VIJG FGXGNQROGPY QH DGJCXKQT HQT C FGGRGT WPF
example also allows for a few extensions that can explain how the use of cues and
responses can change over time.
+H DCEQP ETGCVGU CP CWVQOCVKE NePF CPF GCVO TGURQ
UCKF VQ DG CP WPEQPFKVKQPGF UVKOWNWU K G PQ VTCKP
But through a procedure called classical conditioningwe could actively train individuals
VQ GZJKDKV VJG UCOG N*PF CPF GCVO TGURQPUG VQ VJIG Ul
pancake and smell of bacon are paired across several trials, and always result in the
CXCKNCDKNKV[ QH DCEQP 'XGPVWCNN[ VJG Ne<PF CPF GCV
GXQMGF D[ VJG UKIJV QH C RCPECMG CNQPG EQPFKVKQPGF
VQ GXQMG VIJKU TGURQPUG 6JG ENCUUKE GZCORNG QH VIJK
trained to salivate for food in response to the sound of a metronome [12]. In songbirds, a
similar process likely underlies the selection for particular habitats or tree species. While
selected trees or habitats likely supply better food sources than non-selected locations,
it is unlikely that birds directly assess insect populations prior to selection. More likely,
GZRGTKGPEG QT UGNGEVGF IGPGVKE RTGHGTGPEGU JCU H
RTGHGTTGF JCDKVCV EJCTCEVGTKUVKEU CPF HQQF CXCKNCLEL
A particular response can also be extinguished by changing the outcome in the cue-
response system [15]. For example, some alternative-fuel vehicles use recycled food grease
CU NWG? 6JG TGUWNVKPI GZJCWUV ECP JCXG C DCEQP NKMC
eat’ response to the smell of bacon described above could result in the negative outcome
of being exposed to vehicle exhaust or the danger of approaching a moving vehicle. If a
particular response is no longer rewarded with a positive outcome, or results in a negative
outcome, the response might be extinguished. If bacon smell becomes more commonly
CUUQEKCVGF YKVJ XGJKENGU VJCP C RTGHGTTGF HQQF UQW
become extinct. Similarly, most songbirds exhibit a fear of humans, but fear behavior is
FKOKPKUJKPI KP RQRWNCVKQPU VJCV KPJCDKV FWOECPPFQOKF
VIJKU ECUG TGRGCVGF PGWVTCN QT RQUKVKXG G | HQQF R
urban systems are likely extinguishing fearful behavior. While the altered cue-response
system here might appear benign, the impact of changing the outcome in a cue-response
U[UVGO ECP EQOG YKVJ PGICVKXG «VPGUU KORCEVU (QT GZC(
D[ YKPF RQYGTGF VWTOKIFCV KREIKWPIKU RQVGPVKCNN[ VQ F
CVVTCEVKQP VQ NKIJV = ? YJKEJ CNUQ UGTXGU CU CP KORC
QVIJGT GUVCDNKUJGF OKITCVQT[ DGJCXKQTU UWEJ CU NQY (
Given enough time and experience, songbirds may learn to associate particular



EJCTCEVGTKUVKEU QH VWTDKPGU YKVJ VJG FCPIGT VJCV VJIG
But for a time, there is a mismatchbetween the response and the expected outcome [22,

? &WTKPI VIKU OKUOCVEJ RGTKQF VJGTG KU C JKIJ NKMC
be injured or killed by turbine blades. Simply put, behavioral changes may be too slow
VQ CXQKF VJG PGICVKXG KORCEVU QH GPXKTQPOGPVCN EJC|

Stability and Plasticity in Songbird Behavior

As with most organisms, songbird behavioral systems exhibit a range of plasticity. Some
genetically coded behaviors have become « Z GWwhich can indicate that strong selection
has nearly, if not completely eliminated genetic variability in the loci responsible for
producing the particular behavior, and thus eliminated variability in the associated
behavior. Other behaviors are crystalized after a short learning period. Some more
plastic behaviors are shaped in individuals and populations through experience, and
some responses are subject to high levels of within-individual plasticity based on the
particular set of environmental conditions. In this section | provide an explanation

of, and examples for songbird behaviors that are a typically characterized as innate
or largely stable, learned, shaped by experience, and plastic. However, much remains
to be learned about each system, and these categories should not be considered to be
set in stone or mutually exclusive. In addition, plasticity itself may be under selective
RTGUUWTGU VJCV ECP KPETGCUG QT FGETGCUG XCTKCDKNK
by explaining why multiple behavioral responses to the same stimuli often exist within
songbird populations and species.

Innate or Largely Stable Behavior

+O0OGFKCVGN[ CHVGT JCVEJ Chaw@lbihynehGbiindeicapilePG UV NKPIU
lift their heads upward with their mouth agape at any detection of movement or sound —

which most likely represents an adult approaching the nest to feed [25]. Although critical

for their survival, this ‘gaping’ behavior does not stem from experience or tutelage.

Gaping, which is a trait shared across songbird species, is innate [26]]ikely coded within

the genes. This is not to say that there is not variability in gaping behavior, but rather

that natural selection will strongly favor individuals that exhibit this behavior over those

that do not. Gaping and begging correlate with hunger level [27], and parents likely

perceive these behaviors to be an honest indicator of a nestlings need for nourishment. In
MGGRKPI YKVJ VJKU J[RQVIJGUKU GZRGTKO&Ritetd hicQor M Y KV ¢
CPF ITGCRarvskjor KPFKECVGU VJCV RCTGPVU KPETGCUG HGG
DGIIKPI TCVGU KPETGCUG = L ? # PGUVNKPI VICV FQGU PQ
likely to be fed. An unfed nestling is unlikely to survive and carry this trait into the

next generation. Although gaping and begging are an honest indicator of hunger that

is critical for survival, variation in begging rates among broods may also be indicator

of health. For example, great tit nestlings that hatched from eggs laid by a female given
supplemental carotenoids, an important but limited antioxidant, begged more intensely

VIJCP EQPVTQN PGUVNKPIU = ? $GECWUG ECTQVGPQKFU CTG
KPVGPUG DGIIKPI KU UVKNN CP JQPGUV KPFKECVQT QH VP
carotenoid-rich chicks is probably a good investment on the part of a parent. Again,

selection favors stronger gaping and begging behavior.



Migration, the seasonal movement between spatially distinct habitats, is a common
songbird life history trait. The role of genetics and experience in navigation between
DTGGFKPI CPF YKPVGTKPI ITQWPFU JCU TGEGKXGF OWEJ CV\
CPF KU CFFTGUUGF OQTG DTQCFN[ KP %JCRVGT *QYGXGT
JGTG DGECWUG GNGOGPVU QH OKITCVKQP CTG Yuy@whHedV VQ D
refers the restlessness observed in both experienced and naive birds around the time
YJGP OKITCVKQP UJQWNF QEEWT = ? (WTVJGT VJIG FKTGEVK
ITQWPFU CRRGCTU VQ DG IGPGVKECNN|[ GPEQFGF KP «TUV V
of this came from crossbreeding studies where hybrids from two populations with
WPKSWG OKITCVQT[ TQWVGU CPF FGUVKPCVKQPU GZJKDKVGF
Displacement experiments have also found that naive birds are not able to consistently
correct the angle or distance of their migratory path to reach the correct wintering
ITQWPF £P?CFWNVU JQYGXGT GZRGTKGPEG YKVJ C PCXKIC
EQTTGEVKQPU VQ DG OCFG = ? &GURKVG VJG KPPCVG EQO
more common than might be expected. Recent work suggests that juvenile migrants do
JCXG UQOG CDKNKV[ VQ EQORGPUCVG HQT UVTQPIGBYIGPFU C
presence ofzugunruhe KP C TGUKFGPV URG B&edh Qrguattly Q@ PGS EUGNIGUV U
that this species may have been migratory in the past, or could become migratory in the
HWVWTG = ? +PFGGF OKITCVQT[ BywR \atMtap¥d KAPU '\ HQMIRNGC E W E
staying closer to home as conditions on the breeding grounds become more favorable
[GCTQWPF = ? NGORKV&UGPEG QH IGPGVKE FKHHGTGPEGU
CNTGCF[ TGUKFGPVY RQRWNCVKQPU KP VIJKU URGEKGU = ? +F
studies suggest that it is plausible that migratory behavior could appear or disappear
in response to changing conditions — a good reminder that innate underpinnings do
not preclude rapid change.

Traditional thinking has been that elements of the nestbuilding process are also
KPPCVG$WV? C TQNG QH GZRGTKGPEG JCU NQPI DGGP TG
GXKFGPEG VQ UWRRQTV ENCKOU QH KPPCVGXKEGPXKQ R TQGT
JCPF TGCTKPI GZRGTKOGPVU <GNF QDUGTXCVKQPU CPF N
that associative learning, social learning, and imprinting are important contributors
VQ VJG PGUV DWKHNFKPOIRBEEGDWKNFKPI KU RTQDCDN[ PQ\
TGURQPUG = ? CPF VJWU PQV KPPCVG VJG RTQRGPUKV][ V
across songbird species. This suggests that selection strongly favors nest-building
as a strategy for increasing survival in offspring. This is not to say that alternative
UVTCVGIKGU CTG PQV RNCWUKDNG # HGY RCUUGTKPGU KPE
Molothrus JCXG CDCPFQPGF PGUV DWKNFKPI KPUVGCF NC[KPI
QH QVIGT IRBEKGUCN PQP RCUUGTKPG URGEKGU KPENWFI
UJQTGDKTFU QTFGT %JCTCFTKKHQTOGU NC[ ECOQWE£CIGF G
PQP PGUV DWKNFKPI UVTCVGI[ JCU DGGP UWEEGUUHWN KP O
But in passerines, observing a shift from a nest-building to non-building strategy in
response to management or environmental change is unlikely to occur. Nests provide
OCP[ GEQNQIKECN DGPG*VU KPENWFKPI RTQVGEVKQP HTQO
containment of nestlings, and to some extent buffering the variability in the environment
Gl YKPF TCKP VGORGTCVWTG = ? 0GUV EJCTCEVGTKUVE
GXGP RNCEGOGPY OC[ DG OQFK+*GF OQTG SWKEMN[ DCUGF Q
GZCORNG QTCPIG ETQYemdbraYc€ldib PRGTUY KPI QP 5CPVC %CVCN
California, USA, were more likely to place nests off the ground than their mainland
EQWPVGTRCTVU CPF QHHURTKPI UWTXKXCN KPETGCUGF YKV
RTGFCVQT Obhdtla kcrdfata HOQWPF QP VJG OCKPNCPF YCU CTVK:



to the island population during nest building, nests were moved closer to the ground

and to more concealed locations.

Other songbird behaviors that exhibit innate components include; predator detection

TPF TGEQIPKVKQP = ? CPF UQOG EQORQPGPVU QH XQECN
?7+P IGPGTCN KPPCVG DGJCXKQTU UJQWNF GZJKDKV TGN
GURGEKCNN[ KP ECUGU YJGTG CNVGTPCVKXG UVTCVGIKGU CT
this does not preclude change. In the strictest situation, where a genetically encoded
DGJCXKQT JCU DGEQOG «ZGF KP C URGEKGU EJCPIG YKNN
provide variability, and thus, the fodder on which selection can operate. But in most

behavioral systems, genetic variation not so tightly constrained. Further, as exhibited
VITQWIJ OKITCVKQP KPPCVG DGJCXKQT KU QHVGP TG+PGF L

Learned Behavior—Systematic

Here | address learned behavior as a systematic process that functions to maintain some
level of stability within a range of potential behavioral responses. While experience
also contributes to learned behavior, | will more explicitly address this situation in the
PGZV UGEVKQP +P UQPIDKTFU NGCTPKPI KU QHVGP ENCUUK
QT ENQUGF GPFGF NGCTPKPI QEEWTBIJRWTKRIVGOU &GN REBVKC
VQ FGUETKDG VJG FGXGNQROGPV QH UQPI 6JG URGEKGU UF

songbirds are learned only during development — being closed ended. Young birds

NKUVGP VQ VWVQTU UKNGPV RJCUG RTCEVKEG UWDUQPI (
[55]. Once songs are crystallized, learning on the macro-scale ceases, although minor
OQFK*ECVKQPU VQ VGORQTCN CPF RKVEJ EJCTCEVGTKUVKEL

57]. Without tutoring, some elements of song may marginally mimic adult song, which
indicates that there may be some genetic components of song development, but these
NQQUG OKOKEU CTG WPNKMGN[ \o@ GGV RRGKEXR P QR PENW F K=P
VIJG UWDQTFGT 6[TCPPK K G UWDQUEKPGU CTG CP GZEGR
CFWNV NKMG UQPIU YKVIQWPAG WWEGQOKPGE JCPE UQOG URGE
mockingbirds and other members of the family Mimidae are open-ended learners [61,

? 5QPI NGCTPKPI EQPVKPWGU VJTQWIJQWY CFWNVJQQF 5V
such as the number of times phrases are repeated, are maintained. In most songbird

species, dramatic changes to song types can be made once per generation during the

sensitive phase. The limited range of nearby tutors, which is not limited to the paternal
RCTGPV = ? UGTXGU VQ EQPXGTIG GCEJ IGPGTCVKQP QH

mean. Stabilizing selection is further supported by sexual selection, where females are

more likely to pair with males that propagate songs that resemble the species mean [65].

Sexual selection may also serve to maintain more stable visual courtship displays, since
HGOCNGU VGPF VQ RTGHGT RGTHQTOCPEGU VJCV GZGORNKH
Gl JKIJGUV NGCR SWKEMGUV €£KI|JManacus? CPF @QWB G W KPRG Ell

with extreme courtship displays sexual selection may even drive the development of

the physical traits required to perform otherwise atypical body movements including
RTQFWEVKQP QH UQWPF YKVJ QVJGT UVTWEVWTGU QP VJGK"

While tutoring and sexual selection might place an outer limit on the rate of change

in vocal or visual displays that will be observed within a particular individual or
IGPGTCVKQP KV FQGU PQV GNKOKPCVG OQFK<ECVKQP # OW
VIG YJKVG VJITQCYdad¢triddiR @IRICBSY TGEGPVN[ TGXGCNGF VJCV C F
GPFKPI XGTUKQP QH VJG URGEKGU URGEK+*E UQPI CTQUG KP
VIRKECN VTKRNGYV GPFKPI XGTUKQP CETQUU VJG OWEJ QH VJ



indicates that birds from spatially separate breeding regions mix on their wintering
grounds, where tutoring is likely facilitating the broadscale vocal change. Experimental
YQTM KP CP KUQNCVGF RQRWNCYV Rgssercibs $aadicHemsSTIGHBCNTQ Y
VJG RTQEGUU D[ YJKEJ C PQXGN UQPI ECP DG KPVGITCVG!
developing cohorts with a novel song exemplar played via loudspeakers. During six years
QH VWVGNCIG YKVJ VJG PQXGN UQPI V[RG KPFKXKFWCNU
into their repertoires, and several second-generation birds learned the novel song from
the previous generation. In this case, however, regulation from sexual selection may have
been lessened because developing females were also exposed to the novel song type.

1PG NGCTPGF DGJCXKQT VJCV OC[ DG NGUU QRGP VQ 0Ql
\GDTC *PEJGU UGNGEVKXGN[ RTGHGT VJGKT JQUV PGUV XKC
also guide future nest building endeavors. Olfactory imprinting during development
OC[ CNUQ RNC[] C TQNG KP MKPHYGEQEBRWKRIP GQUY WWQPIDK
their breeding habitat before departure, imprinting on the habitat characteristics to
YJKEJ VIJG[ YKNN TGVWTP = ? #NVJIQWIJ PQV EQPTOGF K
UGC VWTVNGU = ? CPF UCNOQP = ? CNUQ KORTKPV VQ
development, allowing for long-distance navigation back to their natal habitats as adults
for breeding. Imprinting on olfactory or magnetic cues may also facilitate return trips to
VIJG DTGGFKPI ITQWPFU KP UQPIDKTFU $GECWUG KORTKPVG
FGXGNQROGPV VJG[ OC[ DG TGNCVKXGN[ PQP €GZKDNG KP C
during development may be required if an alteration to behavior is desired. One famous
GZCORNG KU VJG KORTKPVKPI QHGRLd¥@anal QB RKP IWETVA MUK
aircraft as surrogate adult guide, and then using this craft to guide birds along the
PGY OKITCVQT[ TQWVG 5KPEG KORTKPVGF CFWNV ETCP
OKITCVQT[ RCVJ CPF CTG PQY OCMKPI VIGKT QYP CFCRVCV|

Behavior Shaped by Experience

In contrast with systematic learning, behavior that is shaped by experience is not
always shared across individuals or populations. In humans, our experiences as a
youth, our interactions with different cultures, and our exposure to particular traumatic
or particularly rewarding events very much impact how we act as adults. Conversely,
JCXKPI C RQNKVKECN «IWTG QT RTQHGUUKQPCN CVIJNGVG KP
of this career path in the next generation — or more broadly, parental values directly and
KPFKTGEVN[ KPEWGPEG VJG CURKTCVKQPU QH VJGKT QHHUR
of classical conditioning make it clear that this process is not limited to the human realm.

Animals, including songbirds, regularly respond to environmental stimuli and these
experiences shape future behavior. One particularly poignant example comes from
#OGTKECP €or@¥ hrachyrhynchos YJKEJ CTG OGODGTU QH VJG %QT
group of birds known for their cognitive abilities. Researchers from the University of
9CUJKPIVQP YQTG OCUMU YJKNG VTCRRKPI CPF DCPFKPI ETQY
were worn on campus in future years, crows responded with harsh calls and mobbing,
but neutral masks were not treated with equal disdain. Like humans, crows also
VTCPUHGTTGF VJGKT FKUFCKP HQT RCTVKEWNCT OCUMU VQ
GZRGTKOGPV HQQF E @Qphkkéomddearmesreh® JCV JCF RKNHGTGF VI
of other jays moved their own cache sites when other jays observed them during their
KPKVKCN EOEYGXSET? LC[U YKVIQWY RTGXKQWU GZRGTKGPEG
did not alter their own cache sites. While experience-dependent learning is particularly
impressive in Corvids, it is certainly not limited to this family. Many songbird species



DGEQOG NGUU NGGT[] QH RGQRNG YJGP VJIG[ GZRGTKGPEG J\
ECRRGF EJKPMGE &&hapillus UIJQY NGUU PGQRJIJQDKC VQYCTFU PC
than their rural counterparts, but are less likely to return to a feeder when a house cat

OQFGN KU RTGUGPV = ? $QVJ FKHHGTGPEGU CTG NKMGNJ[ FW
more benign interactions with novel objects and more adverse interactions with cats in
urban-dwelling chickadees.

McGrath and colleagues provided a particularly compelling example of shaping
DGIJCXKQT XKC GZRGTKGPEG KP C *GNF GZRGTKNMaERY YKVJ
cyaneus = BGP KPFKXKFWCNU YGTG GZRQUGF VQ PQXGN CNC
C INKFKPI RTGFCVQT OQFGN #NVJQWIJ PQPG QH VJG DKTFL
CNCTO RTKQT VQ GZRGTKOGPV RCKTKPI YKVJ C RTGFCVQT C
to the novel alarm after training. These experimental results clearly display the role of
experience in shaping critical behavioral responses in songbirds, but they also reveal a
potentially important conservation tool - managers may be able to intentionally modify
EWG TGURQPUG U[UVGOU KP UQPIDKTFU XKC CTVK*EKCN GZR
responses.

Within-individual Behavioral Plasticity

In many cases, individuals possess the ability to respond and behave differently based
on variation in a particular set of external cues. This is broadly known as within-
individual plasticity. Foraging demonstrates this concept well in that individuals will
select prey species based on the combination of prey availability, energetic gain, and
VKOG TGSWKTGF VQ ECRRWGG =6 PRUERPEW OKBQTOCNK\GF Cl
HQTCIKPI VIGQT[ = ? RTQRQUGU VJCV XCTKCVKQP KP VIJG
VQ C EQPUVCPVN[ UJKHVKPI FKGVY EQORQUKVKQP (QT GZCOI
WPRTQ+*VCDNG RTG[ KP C NCD UGVVKPI YGTG PQV UGNGEVK
NQY =$WV YIJGP VIJG GPEQWPVGT TCVG QH RTQ*VCDNG RTG]
KPIGUV WPRTQ*VCDNG RTG[ %QPVKPWGF TGUGCTEJ KPFKE(
UJCRGF D[ EQORGVKVKQP HTQO JGVGTQURGEK+*E URGEKGU =
G | NCPFUECRG QH+PIGMQTG WTDCP UGVVKPI RGTEGKXGF Tk
foraging behavior — may also be impacted by connectivity, where isolated patchy habitats
CTG NGUU NKMGN[ VQ DG WUGF D[ HQTCIGTU = ?

2NCUVKE DGJCXKQT OC[ DG VJIJQWIJVY QH CU RQUUGUUKPI
VIJG HQTCIKPI GZCORNG WUGF CDQXG VJKU OKIJV VTCPUNCV
CXQKF WPRTQ+*VCDNG RTG[O #NVGTPCVKXGN[ NKH RTQ+<VCDN
available prey’ Tactics can be distinct responses, or represent a range of responses along
a continuum. A number of songbird species are cooperative breeders, such that related or
unrelated, non-parental individuals will assist in raising offspring. In this case, a young,
reproductively capable songbird must select categorically between having a nest of its
own or helping at the parental nest. Which tactic is chosen is dependent on the costs
CPF DGPG+sVU QH GCEJ QRVKQP +P VJG YGNN UVWFKGF 5G][E
= ? VJG FGEKUKQP VQ JGNR CV C PGUV KU DCUGF WRQP VJ
SWCNKV[ QH CXCKNCDNG VGTTKVQTKGU CPF VJG NKMGNKJQ(C
to breed or help will be revisited each year, with helping to raise genetically similar
offspring selected when the likelihood of producing one’s own offspring is low. Habitat
selection is another case where discrete tactics are employed each year in migratory
URGEKGU UGVVNG QT FQ PQV UGVVNG = ? # PWODGT QH K
KP VJG UGNGEVKQP QH DTGGFKPI CPF YKPVGTKPI JCDKVCVU



CPF VIG RTGUGPEG QH EQPURGEK<*E CPF JGVGTQURGEK<E UF

EQPURGEK+*E EWGU JCXG DGGP WUGF VQ VTCKP UGXGTCN UR

CNVGTPCVKXG = ? JCDKVCVU *GTG EQPUGTXCVKQP QDL

DGIJCXKQT D[ ECTGHWNN[ CNVGTKPI €GZKDNG EWG TGURQPU
In contrast to these discrete sets of tactics, a humber of studies have demonstrated

that songbirds can adjust the frequency of their adult songs along a continuum in

response to the level of human produced noise, which tends to be low-frequency. While

higher frequency songs that reduce masking by low-frequency anthropogenic noise

could arise from selection for individuals that always sing higher-frequency songs,

a number of studies indicate that individuals can shift their frequency in relation to

EWTTGPVY CODKGPV EQPFKVKQPU = ? +P VJKU ECUG KPF

the need to be heard over elevated ambient noise, with the need to produce vocal cues

of quality or dominance. Accordingly, we found that black-capped chickadees increased

VIGKT HTGSWGPE[ VITQWIJQWYV VJIG OQTPKPI CU VTE€M*E NG

CFFKVKQP EJKEMCFGGU UCPI CV IGPGTCNN[ NQYGT HTGSW

levels were lower. Here the tactics would likely be ‘if noise level is high, sing at high

frequencies to be heard, but ‘if noise level is low, sign at low frequencies to convey

information about quality’. While behavioral plasticity might be a welcome trait in a

rapidly changing world, it is important to remember that the range of tactics available is

PQV DQWPFNGUU 2J[UKECN CPF RIJ[UKQNQIKECN NKOKVU YKN

production is limited by the vocal tract and beak shape, while foraging will be limited

D[ VIJG CDKNKV[] VQ JCPFNG FKIGUVY CPF RTQEWTG UWH<EK

sources. Further, sexual and natural selection will tend to eliminate extreme diversions

HTQO VIRKECN URGEKGU URGEK<E DGJCXKQT

Different Behavioral Strategies Among-individuals

+H KPFKXKFWCN UQPIDKTFU CNVGT VJGKT DGJCXKQT KP YC]J
the existence of multiple tactics is not surprising. However, we also observe several

behavioral patterns that are consistent within individuals, but differ between individuals.

(QT GZCORNG YKPVG3HuPus XGPFIRDKIFWJIG 9GUV +PFKGU YGTG
CU UGFGPVCT[ = ? G| JOQNFKPI UVCDNG VGTTKVQTKGU Q
VGTTKVQTKGU YKVJ TGIWNCT HQTCIKPI GZEWTUKQPU 1PNJ
GZJKDKVGF C €QCVKPI UVTCVGI[ CPF CTVKeEKCNN[ CNVGTKEF
changes in foraging strategies. So, the question might arise as to which strategy is best,

CPF YJ] DQVJ EQPVKPWG VQ RGTUKUV 6JG CPUYGT JGTG K
strategy was dependent upon the environment. In years when food resources were high,

sedentary, territory holders had higher body mass — an indicator of health. But, when

HQQF YCU UECTEG €QCVGTU L YJQ YGTG OQTG NKMGN[ VQ
TGUQWTEGU L JCF JKIJGT DQF[ OCUU 6JWU C €WEVWCVKPI
behavioral strategies within the population.

Even in a stable environment, multiple behavioral strategies can coexist. In the above
GZCORNG €QCVGTU YGTG CNYCJU NGUU EQOOQP VJCP UGFG
€QCVGTU KP VIJG RQRWNCVKQP KPETGCUGU VJGTG YKNN D¢
scenario, defending a high-quality territory might become easier since fewer birds are
doing so — and selection will favor territory holders. Conversely, if most birds hold
territories, defense of new territories becomes costly, and intrusion by a few individuals
KPVQ VGTTKVQTKGU OC[ IQ WPPQVKEGF 7PFGT VJKU UEGI
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strategy become favored. This is known as frequency-dependent selection, where the
most stable situation will favor the existence of multiple behavioral strategies within

VIJG RQRWNCVKQP = ? #V VKOGU VJG TGNCVKXG HTGSWGP|
RTGFKEVGF (QT GZCORNG €QCVKPI UJQWNF DG EQPUKUVGP
UVTCVGI[ +H C OCLQTKV][ QT GXGP C UVTQPI OKPQTKV[ QH K
territory holders will likely strengthen their defenses to avoid a substantial loss of
resources. This equilibrium of strategies is known as an Evolutionary Stable Strategy

'556 = ? #U YKVJ URGEKGU CPF IGPGVKEU OCKPVCKPKPI C
is often important for maintaining ecosystem function. For example, an environment that
GNKOKPCVGU VJG €QCVKPI UVTCVGI[ KP YKPVGTKPI QXGPDKT
or even species extinction during years with low foraging resources.

4 Box1 2NCUVKEKV[ KP DGJCXKQT \

" Behavior is the way in which an animal acts in response to a particular situation
or stimulus
" Behavior is shaped by selection through a cue responseand outcome

Learning

" IQFK*GF GPXKTQPOGPVU ECP OKUCNKIP EWG TGURQPUG L
KP OKUOCVEJGU YJGTG DGJIJCXKQT DGEQOGU OCNC|IFCRVKX

" Behavioral systems can also shift to accommodate altered systems to some exten

" Flexibility in a behavioral system depends on the strength of selection and the
presence of variation or plasticity in responses

xpeienc m
experience

Systematic
learning

1

Genetic underpinnings Individualized learning processes
May be fixed Most amenable to manipulation
Shared learning processes Within-
Strong selection for stability Employs T ..

" #P GXQNWVKQPCTKN[ UVCDNG UVTCVGI[] '55 OKIJV K
strategies, which are maintained by:
| Variable habitats
Frequency dependent selection
\_ I q y dep )
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Managing Behavior in the Midst of Anthropogenic Change

Why Integrating Behavior is Important

The structure and function of earth’s ecosystems are changing rapidly — perhaps more

rapidly than at any time in history. The mere fact that ecosystems are changing is
PGKVJIJGT CDPQTOCN PQT RTQDNGOCVKE *QY OCP[ VKOGU Jc
CPEKGPV *PF OCTKPG HQUUKN® KRIKIKIU REUSWWU CPEKGP)
HTQ\GP KEG EQTGU = ? 6JG KUUWG KU PQV EJCPIG DWV TC
above we are observing the remnants of dramatic changes that occurred over Millenia.

Today, we are witnessing equally dramatic changes that occur over only a few years,

or sometimes just days. While natural events, such as hurricanes or volcanoes can
dramatically reshape landscapes over a short duration, the majority of the changes we

are witnessing are anthropogenic — or human produced. Andy Sih and colleagues have

labelled this pervasive phenomenon as Human Induced Rapid Environmental Change,
CDDTGXKCVGF CU *+4P%K¥U OQUYV GZVTGOG HQTO *+4'% TG
habitat conversion — which is typically equivalent to habitat destruction for native

organisms. Examples include conversion of forest to housing developments and parking

lots, grasslands to monocultures, rivers to dammed reservoirs, etc. In these cases, the
fundamental resources required for life are typically removed, or altered to a point that

they are no longer accessible to native organisms. Here an understanding of behavior

CPF €GZKDKNKV[ KP EWG TGURQPUG U[UVGOU OC[ JCXG NKVV
But in many cases, anthropogenic impacts are more subtle. The food web in an urban

park, for example, is probably different than a similar preserve located within a larger
undeveloped habitat. However, an urban park may retain a number of trophic levels

and a different, but functional, food web. Yet, as urbanization increases, these habitats

often contain fewer species of nesting songbirds [115]. Why?

Classical concepts from landscape ecology would suggest that managers consider
NCTIGT UECNG URCVKCN XCTKCDNGU UWEJ CU RCVEJ UK\G N
YKVI QVJIGT JCDKVCV RECNGETG KU PQ FQWDV VJIJCV HTCIOC
TGUVTKEVKPI OQXGOGPY TGFWEKPI CPF KUQNCVKPI TGUQWT
CPF RQRWNCVKQP RGTUKUVGPEG + CO EQP*FGPV VICV GXGT
for assessing resource and landscape needs as priority objectives for managing songbird
species. But we might also ask the question: Is this enough? For several years, | worked
YKVJ C VGCO QH TGUGCTEJGTU VQ Anvmodrahiuy hésIBvii N/@QY B Q WTRC
TGEQPUVTWEVGF YCTO UGCUQP ITCUUNCPF RTCKTKGU KP 5
YCU " L JGEVCTGU KP UK\G &GURKVG VIJG TGKPVTQFWEVKC(
Henslow’s sparrows, and several other grassland obligate species, were consistently
CDUGPV #V «TUV DNWUJ CP CUVWVG QDUGTXGT OKIJV UVC
2GTJCRU VJKU KU VTWG CPF VJKU QWVEQOG FQGU GORJCU
landscape variables prior to restoration efforts. But, if the landscape perspective that
VIGUG JCDKVCVU CTG VQQ UOCNN KU QWT «PCN CPUYGT VJC
*GNFU HQT VJG EQPUGTXCVKQP QH ITCUUNCPF DKTFU YCU C

/IKIJV CP WPFGTUVCPFKPI QH DGJCXKQT [GV QRGP VJIG!
ITCUUNCPF DKTFU! #V= ? *GHENVECYTGW PGUVKPI VGTTKVQT[ E
YKVIKP VIJGUG *GNFU YKVJ CORNG TQQO HQT HQTCIKPI 1WT
insect community, ample water was available in nearby habitats, and grasses provided
the cover thought necessary for nest placement and concealment. If the fundamental



resource provisions are in place, perhaps an overlooked cue-response system is not
HWPEVKQPCN L QT JCU RTGXGPVGF VJG UGNGEVKQP QH VJG
interaction might differ. For example, the greater composition of edge habitat might result
in higher populations of avian or terrestrial nest predators. In this particular case, the
landowner and managing organization wanted to investigate further. One hypothesis
YCU VICV EQPURGEK*E EWGU YGTG OKUUKPI +V KU PQV WPE
VIJCV KPFKECVG EQPURGEK+*E RTGUGPEG YJGP UGNGEVKPI DT
years of song playback resulted in only one nesting Henslow’s sparrow. Not zero, but
not the resounding success that has been seen using this technique elsewherg?22].

Dr. Rob Keys, a colleague at a university in Grand Rapids, Michigan, hypothesized
that these northern populations of grassland obligate birds were preferentially selecting
QNF *GNFU EQORTKUGF QH PQP PCVKXG EQQN UGCUQPU ITCU
YKVJ YCTO UGCUQP ITCUUGU 9JKNG VJKU YQWNF EQPVTCU!
QH VJG TCPIG = ? C HGY CPGEFQVCN DWV PQVCDNG QDUG
(KTUV *GPUNQYOU URCTTQYU JCF DGGP TGRQTVGF OQTG T
conversion to warm-season grasses. Second, a broad survey of other potential grassland
sites in the region indicated that locations dominated by cool-season grasses were
for more likely to house populations of grassland obligates; including Henslow’s
URCTTQYU $QaihdbhkPdwkivorus 'CUVGTP O G CHRpnélkGriayhb
UCXCPPCJ UHmsasserduliysisandwichensis CPF ITCUUJQRR GmmddRantsr Q Y U
savannarum +P GZRGTKOGPVCN OQYKPI CPF TGRNCPVKP
GUVCDNKUJOGPV D[ GKIJV KPFKXKFWCNU HTQO VYQ QDNKICYV
URCTTQYU WPRWDNKUJGF FCVC #P CPCNQIQWU UVWF[ KP \
region of North Carolina, USA, found that obligate grassland birds showed no preference
HQT YCTO QT EQQN UGCUQP ITCUUGU = ? +V KU RNCWUKD!I
now breeding in regions that historically contained minimal native grassland habitat are
EWGKPI KP QP VJG EQQN UGCUQP ITCUUGU HQWPF OQTG EQO
S0, ‘restoring’ cool-season grasslands in these regions that accommodate this potentially
altered cue-response system might be of value. Alternatively, facultative grassland bird
URGEKGU UWE SpzélayusBlasGRIF UQPI U RIEdspizaydlodia VICV CTTKXG
earlier in the spring could be preferentially selecting warm-season grasses and excluding
QDNKICVGU HTQO VIJGUG VGTTKVQTKGU L C ECUG QH JGVGT(
particular topic is ongoing and it may be too early to alter management regimes, but it
illustrates well the point that understanding behavior might lead to tangible shifts in
management strategies.

Potential Anthropogenic Changes to Cue-response Systems

5Q0G EWG TGURQPUG U[UVGOU KP UQPIDKTFU CTG ENGCTN]J ¢
to some extent engrained in individual birds and populations. As such, we must expect

that any time human activities alter the environment, there is likely to be an impact on

VJG GUVCDNKUJGF DGJCXKQTCN TGURQPUGU CPF VIJGTGHQT
impacts should be monitored beyond the obvious impacts of habitat destruction and
OQFK<ECVKQP! 6Q CPUYGT VJKU SWGUVKQP EQPENWUKXGN]
the species and behaviors present in the ecosystem of interest — indicating that location-
URGEK+*E *GNF UVWFKGU CPF PCVWTCN JKUVQT[ UEJQNCTU Y
through the Anthropocene. However, there are a few common, but often overlooked,
FKUVWTDCPEG TGIKOGU VJCV + YKNN CFFTGUU JGTG 5RGEK



ecology, range shifts and species invasions, and temperature change. Each topic is
explored in more depth in the chapters that follow.

Sensory ecology deals with how birds perceive and respond to cues through vision,
olfaction, acoustics, taste, touch, and magnetoreception. These topics are explored
in depth in the text, The Sensory Ecology of Birds25]. Despite their critical role in
eliciting particular behaviors, many of these changes are not quickly perceived by
human observers. For example, because most of us have become accustomed to light
and sound pollution near our homes and places of work, we are less aware of the
potential impact of the noise from airplanes as they regularly pass over otherwise
remote habitats [126] or the effect of the pervasive, ever-present glow of the city skyline
in exurban landscapes [127]. If we fail to measure, mitigate, and manage the sensory
environment, we may create visually pleasing habitats that are devoid of the species we
CKO VQ RTQVGEV &QOKPQPK GV CN = ? PKEGN[ FGUETKDG
to conservation biology. In their perspective paper, they suggest that sensory pollutants
impact cue-response systems in three ways. Firstymaskingreduces an organism’s ability
to detect or discriminate cues. Second,distraction interferes with an organism’s ability
to process cues because other overlapping cues have captured the individual’s attention.
Third, misleadng EWGU TGUWNV HTQO EQPE€CVKQP QH UGPUQT[ RQ
leading to an inappropriate response. The path towards resolution differs for each of
these sensory pollution mechanisms. For example, spatial andfor temporal separation
between competing cues may be required when distraction is the primary mechanism.
As the literature on sensory ecology grows and summative reviews become available
= ?+ TGEQOOGPF VJCV OCPCIGTU KPEQTRQTCVG VJG NC)
possible.

As the physical parameters that limit songbird establishment shift, we should expect
that changes in species ranges and niches will respond accordingly — which will alter
which set of species are interacting with each other in any given area. The impacts
of climate change on regional and global temperature is one clear example that | will
address in the next paragraph. But even small-scale changes to habitats can alter the
FKUVTKDWVKQP CPF KPVGTCEVKQP NGXGNU QH JGVGTQURGEHL
Northern Michigan has perforated forest interiors with small anthropogenic openings.
Between these openings, which are referred to as ‘pads’, the native forests remain largely
contiguous. In many cases interior songbird species continue to nest near the edges of
these pads. But research by some of my former students indicated that the insertion of
small openings and edge habitats has increased the presence of edge-associated avian
PGUV RTGFCVQTU PGCT RCF UKVGU YJKEJ TGUWNVGF KP UKI
CTVK*EKCN PGUV UVWF[ = ? %QORGVKVKQP HTQO PQXGN P
OC[ CNUQ KORCEV PCVKXG URGEKGU CU TCPIGU UJKHV 6JC
shrub ecosystems in portions of the northern United States has facilitated the recent
GUVCDNKUJOGPV QH DNWe@amwir® pous KPTRRETYKQPU RTGXKQW
D[ IQNFGP YKPIGFV.XCOTsDREGRT BENVIQWIJ VIG OGEJCPKUOU CTG
clear, novel overlap in the range of these two species predictably results in the reduction
QT GZVKTRCVKQP QH VJG IQNFGP YKPIGF YG6TDMSETVIGIBEVKH
these studies serve as a reminder that understanding the interactions between predators
and competitors is required when maintaining or reintroducing particular species, and
VJCV YG OWUV VCMG KPVQ CEEQWPV VJG UJKHVKPI TCPIGU
in light of anthropogenic changes.
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Climate changes may be the most concerning driver of external change to songbird
cue-response systems in the near future. Temperature, and associated moisture levels,
FTKXG EJCPIGU KP XGIGVCVKXG TCPIGU = ? CPF RIJGPQNQIJ :
and may directly alter the physiological parameters that facilitate songbird survival.
Thus, changes in temperature and moisture are likely to drive alterations in songbird
URGEKGU TCPIGU CPF JGVGTQURGEK*E KPVGTCEVKQPU CPF
during critical life stages such as migration and nestling provisioning. Although
attempting to prevent climate change may be largely futile at the local management
level, planning accordingly is critical. For example, the conservation-reliant Kirtland’'s
Y C T D Nsétdphaga kirtlandi DTGGFU RTKOCTKN[ KP GCTN[ UWEEGUUK
Pinus banksiana CPF OQUV QH VJGKT JCDKVCV KU OCPCIGF VJT(
RTQITCOU KP /KEJKICBWY58FOG?” ENKOCVG OQFGNU KPFKECV
RKPG UVCPFU YKNN GZKUV NCTIGN[ VQ VJG PQTVJ KP VJG %
must either recognize the Kirtland's warblers reliance on the shifting jack pine range
CPF CEV CEEQTFKPIN[ = ? QT EQPUKFGT HCEKNKVCVKPI WL

The Rate of Change Problem

Anthropogenic processes are quickly changing our landscapes. A moderately zoomed

out aerial map of almost any location will reveal signs of human development. But

ecosystems are not static, and neither is songbird behavior. In the preceding sections, |

have outlined several instances where changes in behavior have been observed naturally

KP TGURQPUG VQ CPVJTQRQIGPKE CNVGTCVKQP = ? QT CU
The real question though, is whether songbird behavior can change fast enough to
accommodate rapid anthropogenic change. In many cases the answer may be no.

Migration research, for example, has indicated that shifting arrival and departure

dates do not necessarily mitigate rising temperatures on the breeding grounds

= ?2%QTTGURQPFKPIN[ YG HQWPF VJIJCV VJG CTTKXCN VGOR
KP 9GUVGTP /KEJKICP KPETGCUGF QXGT VJG FGECFGU FG
VKOGU KP HQWT EQOOQPN[ ECRVWTGH+ QC6Q TEFUNKUIDVOVRE G/ .
impact of anthropogenic change a-priori, | recommend assessing the rate of change in,

VJG CPVIJTQRQIGPKE XCTKCDNG QH KPVGTGUV CPF K
FIPCOKE CPF €GZKDNG EWG TGURQPUG U[UVGO OKIJV DG DG\
change than largely innate or heavily selected behaviors. But it is good to remember
that all cue-response systems have rate of change limitations and absolute limits to the
range of potential changes on the short-term timescale.

Behavioral Conservation and Management

Where anthropogenic processes threaten to disrupt cue-response systems, mangers have
two primary options: decrease the rate of anthropogenic change or increase the rate of
behavioral change in animals by manipulating the learning process. Where possible,
decreasing the rate of anthropogenic change is generally the preferred method. This may
rightly sound intuitive, but it does contrast with the stark assessment that either human
development or functional ecosystems must cease completely. If academics, managers,
politicians, and communities can join forces to slow the rate of land transformation and
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sensory pollution we may be able to buy time for cue-response systems to redevelop
CPF CFLWUV VQ PQXGN EWGU CPF UJKHVKPI QWVEQOGU 2
developing neighborhoods and urban landscapes slowly, preserving native vegetation
whenever possible, reducing edge or patchy ecotones by maintaining the integrity of the
tree canopy, maintaining areas of grass-shrub pollinator supporting patches, minimizing
and dimming lighting, abating noise, etc. A parallel principle might also be to contain
anthropogenic impacts within limited spatial areas, allowing organisms to accommodate
these changes within a larger intact landscape. As a young adult who loved to hike
and backpack in the United States, | was taught to leave the trail to urinate. The goal
KP CFFKVKQP VQ RTKXCE[] YCU VQ URTGCF VJG JWOCP KOF
graduate student in Canada, however, the advice of many in the outdoor community
was to urinate directly on the trail — with the goal being to limit human impact to a
small portion of the landscape. Urban centers are an example of this concept on a much
larger scale. High impact in a spatially compact area. Taking this development principle
to heart might also slow the overall rate of change across our native landscapes.

Slow change might also be a pertinent principle for restoration efforts. Is converting
NCTIG UYCVJU QH QNF *GNF KPVQ TGUVQTGF RTCKTKG KP QP
that have already established there? Might a few acres at a time better increase diversity?

Does a quick removal of all non-native species from a forest decimate vegetative cover to

VJG RQKPV VJCV UQPIDKTFU CTG PQV CDNG QT PQV KPENKP
an incremental invasive removal program will allow birds to continue nesting until

natives can take hold, even if productivity is somewhat lower.

As ecologists we often have to recognize that there are many situations where we
simply do not have the power to moderate the rate of development. Further, restoration
of native habitats or the removal of sensory pollutants may be an impossibility in many
circumstances. In these cases, it may be worth asking whether we can increase the rate of
DGJCXKQTCN EJCPIG KP UQPIDKTFU VIJGOUGNXGU b5RGEK<ECI
to alter cue-response systems in songbirds to reduced or eliminate maladaptive
responses? Manipulating behavior, just like manipulating genetics, may be unappealing
to some. Some may consider this to be meddling in biological systems, which can
have the potential for unexpected outcomes. But often the alternative is to be a casual
QDUGTXGT QH UNQYN[] QT TCRKFN[ FGENKPKPI RQRWNCVKQ
to resolve themselves quickly enough to facilitate recovery. For example, the recovery
of small populations in many species may be inhibited by the Allee effect — which
RQKPVU VQ C TGNKCPEG QP UQEKCN KPVGT®EWKQE PHOOG TWW
CTVK*EKCNN[ ETGCVG VJG CRRGCTCPEG QH UQEKCN ITQWR
UGPUQT[ GPXKTQPOGPV G | XKUWCN OQFGNU CPF XQECN
programs use similar cues in captive settings paired with live models from similar
species? Certainly, the successful development of a new migratory route in a captive-
raised group of whooping cranes was a heavily manipulated management regime. Are
there other areas, other ways, that we can manipulate behavior to enhance or rescue
songbird populations?

Several years ago, | worked with students to see if we could draw songbirds into
HQTGUVGF CTGCU PGCT NQY WUG TQCF KP 0QTVJGTP /KE
that vehicular noise reduced bird abundance and diversity up to a kilometer from
TQCFUKFGU = ? $WV O QYP QDUGTXCVKQPU YGTG VJCV PQ
a few hundred meters from the roadway. | hypothesized that in these areas where noise
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levels were low but not absent, entrenched cue-response systems prohibited settlement
DGECWUG RTGHGTTGF JCDKVCVU YGTG JKUVQTKECNN[ SWKG'
noise, we attempted to place another cue on the landscape known to enhance site
UGVVNGOGPV L EQPURGEK<*E UQPI #NVJQWIJ QWT GZRGTKO(
YGTG CDNG VQ FTCY UGXGTCN URGEKGU KPVQ TQCFUKFG J(
close with this example to demonstrate an area where | see promise for using behavioral
manipulation to advance conservation goals, but also to demonstrate the complexity

CPF PGGF HQT ECWVKQP YJGP OCPKRWNCVKPI DGJCXKQT 61
OCPKRWNCVGF DGJCXKQT UGVVNGOGPV KP NQY PQKUG CTG(
DGPGeVY 1T CV VJIG XGT[ NGCUV KV OWUV PQV TGUWNV KP
UKPM 2GTJCRU VJGTG KU CPQVJIGT KORCEV QH NQY NGXGI

G | FKUVTCEVKQP KPETGCUGF RTGFCVQTU +P QWT ECUG
guality areas into an area that is unsuitable, we will likely decrease productivity, and

VIWU RQRWNCVKQP UWUVCKPCDKNKV[ %QPXGTUGN[ KH PQF
and breed successfully, populations may increase. We must examine productivity and
survivorship before using such a technique on a broader scale. Second, if birds are
retrained to use a novel cue-response system, how will it be maintained? The positive
outcome in response to the behavioral choice must be reinforced. Our hypothesis was
that natal imprinting might facilitate site return by some individuals, and provide
EQPURGEK<E UQPI HQT CFFKVKQP IGPGTCVKQPU L TGKPHQTE
song playback. But this hypothesis remains untested.

I invite you to consider how you might decrease the rate of anthropogenic changes

and how you might increase the rate of behavioral change in the systems and species
where you work. The challenges we face in the Anthropocene are profound. Those
whose job and passion is to see songbirds thrive for generations to come will need to
be creative. We must be ready to employ an array of conservation tools — and managing
habitats and species in relation to behavior must be among these tools.

4 N
Box 2 Anthropogenic and Behavioral Change
" $QWKURSRK®® Wil impact birds directly by removing required
resources
Anthropogenic changes will also impact bird behavior by altering cue-response
systems
Ignoring behavioral impacts might lead to subpar management. Two examples,
include:
| Ignoring sensory ecology, which drives behavior and ultimately physical
functions
| +IPQTKPI EJCPIGU VQ URGEKGU TCPIGU YJK
interactions
Anthropogenic change moves on a rapid scale
Changes in songbird cue-response systems may not change rapidly enough to
mitigate mismatches before irreversible negative impacts on populations and
species are incurred
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Box 2 (Contd.) Anthropogenic and Behavioral Change

Anthropogenic change

Behavioral change

Rate of Change

Time

or shift

” Where preventing change is not an option, slowing the rate of change might
RTQXKFG DGPG+VU D[ CNNQYKPI

” Behavioral management falls into two primary categorie s

»
»

DGIJCXKQTCN EW

Managing Habitat
Managing habitats to
retain critical cues and
signals that facilitate
successful behavioral
systems in songbirds

Managing Behavior
Manipulating cue-
response systems to
intentionally alter
songbird responses to

novel cues and signal
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2UWHJID & 3 &RZELUGY DQG 2WKHU %URRG 3DUDVLWHV 8QLYHUVLYV
0<QGH] 9 -$ $OYHV -$ *LOO DQG 7 * *XQQDUVVRQ 3DWWHUQ
UDWHV D JOREDO UHYLHZ ,ELV b KWWSV GRL RUJ LEL
&ROOLDV 1 ( DQG ( & &ROOLDV 1HVW VLWH VHOHFWLRQ DQG WKF
%XLOGLQJ DQG %LUG %HKDYLRU 3ULQFHWRQ 8QLYHUVLW\ 3UHVV KWW:¢
3HOXF 6, 76 B6LOOHWW -7 5RWHQEHUU\ DQG & . *KDODPERU
VRQJELUG H[SRVHG WR D QRYHO SUHGDWLRQ ULVN %HKDY (FRO
KWWSV GRL RUJ EHKHFR DUQ

$PR / 0 ( 9LVVHU DQG . YDQ 2HUV 6PHOOLQJ RXW SUHGDWRU\
KWWSV GRL RUJ

9HHQ 7 '6 5LFKDUGVRQ . %ODDNPHHU DQG - .RPGHXU ([SHUL
UHFRJQLWLRQ LQ WKH 6H\FKHOOHV ZDUEOHU 3URFHHGLQJV RI WKH 5R\
6FLHQFHYV b KWWSV GRL RUJ UVSE

ORRQH\ 5 7KH QHXURELRORJ\ RI LQQDWH DQG OHDUQHG YRFDOL]D\
1HXURELRO P KWWSV GRL RUJ M FRQE

ODUOHU 3 ,QQDWH OHDUQLQJ SUHIHUHQFHV VLJQDOV IRU FRPPXQ
KWWSV GRL RUJ GHY

%HHFKHU 0 ' DQG ($ %UHQRZLW] ( $ )XQFWLRQDO DVSHFWV RI V
(YRO b KWWSV GRL RUJ M WUHH

ODUOHU 3 5 6RQJ OHDUQLQJ WKH LQWHUIDFH EHWZHHQ EHKDYLRX

7UDQVDFWLRQV RI WKH 5R\DO 6RFLHW\ RI /RQGRQ 6HULHV % %LRORJLF
KWWSV GRL RUJ UVWE

2WDh 1 DQG 0 6RPD $JH GHSHQGHQW VRQJ FKDQJHV LQ D FORVHG
SHUIRUPDQFH DIWHU VRQJ FU\VWDOOL]DWLRQ - $YLDQ %LRO =)
3URSSH ' 6 & % 6WXUG\ DQG & & 6 &ODLU JOH[LELOLW\ LQ DQLF

FKDQJLQJ HQYLURQPHQWYV 3/R6 2QH H KWWSV GRL RUJ |



IRWWHERKP ) 2QWRJHQ\ RI ELUG VRQJ 6FLHQFH b

.URRGVPD ' ( 6RQJV Rl WKH DOGHU IO\FDWFKHU (PSLGRQD[ DOQRL

WUDLOOLL DUH ,QQDWH $XN b  KWWSV GRL RUJ DXN

7RXFKWRQ -0 1 6HGGRQ DQG - $ 7RELDV &DSWLYH UHDULQJ HJ

ZLWKRXW OHDUQLQJ LQ D WUDFKHRSKRQH VXERVFLQH ELUG 3/R6 2QH

KWWSV GRL RUJ MRXUQDO SRQH

(HQV 0 5 3LQ[WHQ DQG 5) 9HUKH\HQ 6RQJ OHDUQLQJ LQ FDSW

$QLP %HKDY = KWWSV GRL RUJ 6

*DPPRQ ' ( $UH QRUWKHUQ PRFNLQJELUGY FODVVLF RSHQ HQGHG \
b KWWSV GRL RUJ HW K

%HHFEKHU 0 ' %LUGVRQJ OHDUQLQJ DV D VRFLDO SURFHVV $QLP %

KWWSV GRL RUJ M DQEHKDY

%UHQRZLW] ($ DQG 0 ' %HHFKHU 6RQJ OHDUQLQJ LQ ELUGV GLY

FKDOOHQJHV 7UHQGV 1HXURVFL P KWWSV GRL RUJ M

6HDUF\ : $ DQG 0 $QGHUVVRQ 6H[XDO VHOHFWLRQ DQG WKH HYR

6\VW b KWWSV GRL RUJ DQQXUHY HV

&DQGROLQ 8 7KH XVH RI PXOWLSOH FXHV LQ PDWH FKRLFH %LROR

KWWSV GRL RUJ 6

YXVDQL / - %DUVNH /' 'D\ 0 - )X[MDJHU DQG % $ 6FKOLQJHU

PDOH FRXUWVKLS IHPDOH FKRLFH IRU QHXURPXVFXODU V\VWHPV 1HXU

KWWSV GRL RUJ M QHXELRUHY

2WWHU .$ $ OF.HQQD 6 ( /D=HUWH DQG 6 0 5DPVD\ &RQWLQH

ZKLWH WKURDWHG VSDUURZV &XUU %LRO b KWWSV GRL R

OHQQLOO '- 60 'RXFHW $ (0 1HZPDQ + :LOOLDPV , * ORUDQ |,

OHDUQ VRQJV IURP H[SHULPHQWDO YRFDO WXWRUV &XUU %LRO
KWWSV GRL RUJ M FXE

&DVSHUV % $ -, +RIIPDQ 3 .RKOPHLHU 2 .U%JHU DQG (7 .UDXVH
PHFKDQLVP IRU QHVW RGRXU UHFRJQLWLRQ LQ JHEUD ILQFKHV $QLP %
KWWSV GRL RUJ M DQEHKDY

%RQDGRQQD ) DQG $ 6DQ] $JXLODU .LQ UHFRJQLWLRQ DQG LQEU
HYLGHQFH IRU LQGLYLGXDO NLQ UHODWHG RGRXU UHFRJQLWLRQ $QLP
KWWSV GRL RUJ M DQEHKDY

.UDXVH (7 2 U¥%JHU 3 .RKOPHLHU DQG % $ &DVSHUYV 20IDFW
ITHWW b KWWSV GRL RUJ UVEO
&DPDFKR & ' &DQDO DQG - 3RWWL 1DWDO KDELWDW LPSULQWL

SKHQRW\SH GHSHQGHQW GLVSHUVDO LQ D VSDWLDOO\ VWUXFWXUHG SR
KWWSV GRL RUJ \Y \

ORUWRQ O/ 0 : :DNDPDWVX 0 ( 3HUH\UD DQG * $ ORUWRQ 3RV
LPSULQWLQJ DQG SKLORSDWU\ LQ D PRQWDQH PLJUDWRU\ VSDUURZ 2U
2UQLWKRORJ\ P KWWSV GRL RUJ

\QQ - 2 3DGJHW + ORXULWVHQ & 3HUULQV DQG 7 *XLOIRUG
ILHOG LQ D SHODJLF VHDELUG &XUU %LRO ) H KWWSV G
%URWKHUV -5 DQG .- /RKPDQQ (YLGHQFH IRU JHRPDJQHWLF LPS
QDWDO KRPLQJ RI VHD WXUWOHV &XUU %LRO P KWWSV GRL
/IRKPDQQ .- 1) 3XWPDQ DQG & 0) /RKPDQQ *HRPDJQHWLF LPSI

ORQJ GLVWDQFH QDWDO KRPLQJ LQ VDOPRQ DQG VHD WXUWOHV 3 1DW
KWWSV GRL RUJ SQDV

3XWPDQ 1) (6 -HQNLQV & * - OLFKLHOVHQV DQG '/ * 1RDNHV
VSDWLR WHPSRUDO YDULDWLRQ LQ KRPLQJ PLJUDWLRQ RI SLQN DQG VR

,QWHUIDFH KWWSV GRL RUJ UVLI

7HLWHOEDXP & 6 6 - &RQYHUVH :) )DJDQ . % .KQLQJ *DHVH 5 %
([SHULHQFH GULYHV LQQRYDWLRQ RI QHZ PLJUDWLRQ SDWWHUQV RI ZKI
&RPPXQ KWWSV GRL RUJ QFRPPV

-RGO .0 $ OLFKDHO 2 ODODQFKXN -6 (FFOHV DQG $ G6DPHURII
DGROHVFHQWV4 RFFXSDWLRQDO DVSLUDWLRQV &KLOG 'HYHORSPHQW
ODUJOXIlI -0 - :DOOV + 1 &RUQHOO - & :LWKH\ DQG '3 &UDLJ
SHRSOH E\ ZLOG $PHULFDQ FURZV $QLP %HKDY b KWWSV G
&RUQHOO + 1 -0 ODU]JOXII DQG 6 3HFRUDUR 6RFLDO OHDUQLQJ

KXPDQV DPRQJ $PHULFDQ FURZV 3URFHHGLQJV RI WKH 5R\DO 6RFLHW\
b KWWSV GRL RUJ UVSE

(PHU\ 1 - DQG 16 &OD\WRQ (IHIHFWV RI H[SHULHQFH DQG VRFLDO

E\ VFUXE MD\V 1DWXUH p KWWSV GRL RUJ



6DPLD '6 O "7 %OXPVWHLQ O '"'D] 7 *ULP -' ,E£3H] fODPR - -R
GLIIHUHQFHV LQ HVFDSH EHKDYLRU RI HXURSHDQ ELUGY DFURVV D ODW
KWWSV GRL RUJ IHYR

-DUMRXU & - & (YDQV 0 5RXWK DQG - ORUDQG )HUURQ 'RHV F
ZLOG EODFN FDSSHG FKLFENDGHHV %HKDY (FRO b KWWSV G
9DQ 'RQVHODDU -/ -/ $WPD =% .UX\I + 1 /D&URL[ DQG ' 6 3URSS
EHKDYLRU LQ EODFN FDSSHG FKLFNDGHHV 8UEDQ (FRV\VW b
ODJUDWK 5' 70 +DIl -5 OF/DFKODQ DQG % ,JLF 'LOG ELUGV
DODUP FDOOV &XUU %LRO b KWWSV GRL RUJ M FXE
(POHQ -0 7KH UROH RI WLPH DQG HQHUJ\ LQ IRRG SUHIHUHQFH $F
ODF$SUWKXU 5 + DQG (5 3LDQND 2Q RSWLPDO XVH RI D SDWFK\ H
.UHEV -5 -7 (ULFKVHQ 0, :HEEHU DQG (/ &KDUQRY 2SWLPD(
PDMRU $QLP %HKDY P KWWSV GRL RUJ

OLOLQVNL © 2SWLPDO IRUDJLQJ 7KH LQIOXHQFH RI LQWUDVSHFLIL
6RFLRELRO b KWWSV GRL RUJ %)

6KRFKDW ( 6 % /HUPDQ O .DWWL DQG ' % /HZLV /JLQNLQJ RSWI

VWUXFWXUH LQ DQ XUEDQ GHVHUW ODQGVFDSH ILHOG H[SHULPHQWYV ZlI

KWWSV GRL RUJ

IDXQGU« -: | +HUQEQGH] DQG . % $OWHQGRUI "ROYHV HON DC

RI IHDU& LQ <HOORZVWRQH 1IDWLRQDO 3DUN 8 6 $ &DQ - =RRO

/LPD 6/ DQG /0 'LOO %HKDYLRUDO GHFLVLRQV PDGH XQGHU WK}

SURVSHFWXV &DQ - =RRO P KWWSV GRL RUJ ]

9LVVFKHU '5 $ 8QJHU + *UREEHODDU DQG 3 ' 'H:LWW %LUG Il

FRQQHFWLYLW\ LQ XUEDQ SDUNV - 8UEDQ (FRO M X\ KWWSV GF

*URVV 0 5 $OWHUQDWLYH UHSURGXFWLYH VWUDWHJILHY DQG WDFW
P KWWSV GRL RUJ

.RPGHXU - 7KH HIIHFW RI NLQVKLS RQ KHOSLQJ LQ WKH FRRSHUDW

$FURFHSKDOXV VHFKHOOHQVLY 3URFHHGLQJV RI WKH 5R\DO 6RFLHW\

P KWWSV GRL RUJ UVSE

.RPGHXU - ,PSRUWDQFH RI KDELWDW VDWXUDWLRQ DQG WHUULWR!

WKH 6H\FKHOOHV ZDUEOHU 1DWXUH b KWWSV GRL RUJ

.RPGHXU - ([SHULPHQWDO HYLGHQFH IRU KHOSLQJ DQG KLQGHULQ.

EUHHGLQJ 6H\FKHOOHV ZDUEOHU $FURFHSKDOXV VHFKHOOHQVLV %HKD

KWWSV GRL RUJ %)

-RQHV - +DELWDW VHOHFWLRQ VWXGLHV LQ DYLDQ HFRORJ\ D FUL
KWWSV GRL RUJ DXN

.ORSIHU 3 + DQG -3 +DLOPDQ +DELWDW 6HOHFWLRQ LQ %LUGV !
DQG ( 6KDZ HGV $GYDQFHV LQ WKH 6WXG\ Rl %HKDYLRU 9RO $FDG
6]\PNRZLDN - 5/ 7KRPVRQ DQG / .XF]\ VNL ,QWHUVSHFLILF VRF
GHFLVLRQV DPRQJ PLJUDQW VRQJELUGV %HKDY (FRO b KWW
'DUG 03 DQG 6 6FKORVVEHUJ &RQVSHFLILF DWWUDFWLRQ DQG W
&RQVHUY %LRO b KWWSV GRL RUJ M [
$KOHULQJ 0$ DQG - )DDERUJ $YLDQ KDELWDW PDQDJHPHQW PHH
ZLOO WKH\ FRPH" $XN b KWWSV GRL RUJ DXN

$QLFK 1 0 DQG 0 3 :DUG 8VLQJ DXGLR SOD\EDFN WR H[SDQG WKH
HQGDQJHUHG VSHFLHV 'LYHUV 'LVWULE b KWWSV GRL RU
6FKHSHUV 0 - DQG ' 6 3URSSH 6RQJ SOD\EDFN LQFUHDVHV VRQJE
URDGV %HKDYLRUDO (FRORJ\ b KWWSV GRL RUJ EHKHF
%HUP%GH] &XDPDWJLQ ( $$ 5 RV &KHO«Q ' *LO DQG & 0 *DUFLD

WLPH VRQJ IUHTXHQF\ VKLIW LQ UHVSRQVH WR XUEDQ QRLVH LQ D SDVV
KWWSV GRL RUJ UVEO

3RWYLQ '$ DQG 5% OXOGHU ,PPHGLDWH LQGHSHQGHQW DGMXVYV
UHVSRQVH WR YDU\LQJ EDFNJURXQG QRLVH E\ VLOYHUH\HV =RVWHURS\
KWWSV GRL RUJ EHKHFR DUW

%URZQ '5 DQG 7 : 6KHUU\ $OWHUQDWLYH VWUDWHJILHV RI VSDFF
ZLQWHULQJ PLJUDQW VRQJELUG %HKDY (FRO b KWWSV GF
$\DOD ) - DQG & $ &DPSEHOO JUHTXHQF\ GHSHQGHQW VHOHFWLR
6\WWHPDWLFV b KWWSV GRL RUJ DQQXUHY HV

0D\QDUG 6PLWK - DQG *5 3ULFH 7KH ORJLF RI DQLPDO FRQIOLFW
KWWSV GRL RUJ D



24/HDU\ 0$ O/ %RXDU« .0 &ODHVRQ . +HLOEURQQ 59 +LOO -
DQG SDOHRELRORJ\ Rl WKH 8SSHU & UHWDFHRXV /RZHU 3DOHRJHQH VHG
O0DOL %XOOHWLQ RI WKH $PHULFDQ OXVHXP RI 1DWXUDO +LVWRU\ t
KWWS GLJLWDOOLEUDU\ DPQK RUJ KDQGOH

‘:LOOHUVOHY ( ( &DSSHOOLQL : %RRPVPD 5 1LHOVHQ 0 % +HEVJ
$QFLHQW ELRPROHFXOHV IURP GHHS LFH FRUHV UHYHDO D IRUHVWHG V
KWWSV GRL RUJ VFLHQFH

6LK $ 0 &' )HUUDUL DQG ' - +DUULV (YROXWLRQ DQG EHKDYLR:
HQYLURQPHQWDO FKDQJH (YRO $SSO b KWWSV GRL RUJ
OHOOHV 6 6 *OHQQ DQG . ODUWLQ SBUEDQ ELUG GLYHUVLW)\ DQG
DVVRFLDWLRQV DORQJ D PXOWLVFDOH KDELWDW JUDGLHQW &RQVHUY
%XUURXJK 3 $ JUDFWDO GLPHQVLRQV RI ODQGVFDSHV DQG RWKHU
b KWWSV GRL RUJ D
&URRNV .5 DQG O 6DQMD\DQ (GV &RQQHFWLYLW\ &RQVHUYDWL
3UHVV KWWSV GRL RUJ &%2
3LFNHWW 6 7 $ DQG -1 7KRPSVRQ 3DWFK G\QDPLFV DQG WKH GH
P  KWWSV GRL RUJ
5RELQV - ' $ VWXG\ Rl +HQVORZA4V VSDUURZ LQ PLFKLJDQ :LOVRQ
5HHG -0 DQG $ 3 'REVRQ %HKDYLRXUDO FRQVWUDLQWY DQG FRQ
DQG UHFUXLWPHQW 7UHQGV (FRO (YRO b KWWSV GRL RUJ
6WDPSV - $ &RQVSHFLILF DWWUDFWLRQ DQG DJJUHJDWLRQ LQ WHL
KWWSV GRL RUJ
9RJHO -$ 55 .RIRUG DQG '/ 2WLV $VVHVVLQJ WKH UROH RI FR
IRU +HQVORZA4V VSDUURZV LQ ,RZD 3UDLULH 1DWXUDOLVW b P
*LXOLDQR : 0 DQG 6 ( 'DYHV $YLDQ UHVSRQVH WR ZDUP VHDVRQ
PDQDJHPHQW %LRO &RQVHUY P KWWSV GRL RUJ 6
ORRUPDQ & ( 5/ .OLPVWUD & $ +DUSHU -) ODUFXV DQG & ( 6RUH

QDWLYH ZDUP VHDVRQ DQG QRQ QDWLYH FRRO VHDVRQ JUDVV IRUDJH Il
KWWSV GRL RUJ ZVE

ODUWLQ * 5 7KH 6HQVRU\ (FRORJ\ RI %LUGV 2[IRUG 8QLYHUVLW\ 3l
INQFK ( ' -R\FH DQG . )ULVWUXS $Q DVVHVVPHQW RI QRLVH DXG
3DUNV /DQGVFDSH (FRO =) KWWSV GRL RUJ \Y

$GDPV & $ $ %OXPHQWKDO ( )HUQEQGH] -XULFLF ( %D\QH DQG & ¢
DQWKURSRJHQLF OLJKW RQ ELUG PRYHPHQW KDELWDW VHOHFWLRQ DC
(YLGHQFH P  KWWSV GRL RUJ Vv

'RPLQRQL 'O : +DOIZHUN ( %DLUG 57 %X[WRQ ( )JHUQEQGH] -XU
FRQVHUYDWLRQ ELRORJ\ FDQ EHQHILW IURP VHQVRU\ HFRORJ\ 1DW (FF
KWWSV GRL RUJ v

+ROODQG 5% . 7KRUXS $ *DJOLDUGR ,$ %LVVRQ ( .QHFKW ' (
WKH UROH RI VHQVRU\ VIVWHPV LQ WKH PLJUDWRU\ KHDGLQJ RI D VRQJI
KWWSV GRL RUJ MHE

9DOHQWLQH (& & $ $SRO DQG ' 6 3URSSH 3UHGDWLRQ RQ DUW
ERUGHULQJ VPDOO DQWKURSRJHQLF RSHQLQJV ,ELV b KWW S
*LOO ) % %OXH :LQJHG :DUEOHUV 9HUPLYRUD SLQXV 9HUVXV *RO(
$XN b KWWSV GRL RUJ DXN
JHL 6 -0 'HVSUH] .0 3RWWHU , -R -$ .QRWW DQG & 0 2VZDOW
WR FOLPDWH FKDQJH 6FL $GY H KWWSV GRL RUJ VFLD
%DGHFN ) : $ %RQGHDX . %, WWFKHU ' 'RNWRU : /XFKW - BFK
SKHQRORJ\ WR FOLPDWH FKDQJH 1HZ 3K\WRO b KWWSV GRI
5LFKDUGVRQ $' 7 ) .HHQDQ O OLJOLDYDFFD < 5\X 2 6RQQHQWD.
FKDQJH SKHQRORJ\ DQG SKHQRORJLFDO FR QWURO RI YHJHWDWLRQ IH
OHWHRURO b KWWSV GRL RUJ M DJUIRUPHW
JRUUHVW - 5 &RPSOH[ UHVSRQVHV RI LQVHFW SKHQRORJ\ WR FOLP
P  KWWSV GRL RUJ M FRLV
3UREVW -5 DQG - :HLQULFK 5HODWLQJ .LUWODQGAV ZDUEOHU SF
DQG VWUXFWXUH /DQGVFDSH (FRO b KWWSV GRL RUJ 0
‘DONHU .9 0% 'DYLV DQG 6 B6XJLWD &OLPDWH FKDQJH DQG VKI
LQ WKH JUHDW ODNHV UHJLRQ - *UHDW /DNHV 5HV b KWW SV
'RQQHU '0 '- %URZQ & $ 5LELF 0 1HOVRQ DQG 7 *UHFR 0D
FRQVHUYDWLRQ UHOLDQW VSHFLHV LQ D FKDQJLQJ FOLPDWH WKH FDVF
0DQDJH b KWWSV GRL RUJ M IRUHFR
6DLQR 1 5 $PEURVLQL ' 5XEROLQL - YRQ +DUGHQEHUJ $ 3URYH

ZDUPLQJ HFRORJLFDO PLVPDWFK DW DUULYDO DQG SRSXODWLRQ GHFO



6RFLHW\ % %LRORJLFDO 6FLHQFHYV b KWWSV GRL RUJ

BWHSKHQV 3 $ DQG : - 6XWKHUODQG &RQVHTXHQFHV RI WKH $00
FRQVHUYDWLRQ 7UHQGV (FRO (YRO b KWWSV GRL RUJ
SHLMQHQ 5 DQG 5 )RSSHQ ,PSDFW RI URDG WUDIILF RQ EUHHGLQ

'DYHQSRUW DQG -/ 'DYHQSRUW HGV 7KH (FRORJ\ RI TUDQVSRUWDWLF
'RUGUHFKW 6SULQJHU 1HWKHUODQGV KWWSV GRL RUJ

9DQ7RO 6 ' & 5 .RHKQ 5 .HLWK % .HLWK DQG '6 3URSSH
WHPSHUDWXUHYV EXW FRQWLQXH WR DGG PDVV DW DQ LQODQG VWRSRY'}
KWWSV GRL RUJ MDY

+DELWDW 6HOHFWLRQ LQ +XPDQ 'RPLQDWHG /DQGVFD:

-RQHV - +DELWDW VHOHFWLRQ VWXGLHV LQ DYLDQ HFRORJ\ D FUL

&RG\ 0 / +DELWDW 6HOHFWLRQ LQ %LUGV $FDGHPLF 3UHVV

)XOOHU 5 - %LUGV DQG +DELWDW 5HODWLRQVKLSV LQ &KDQJLQJ /

3DUWULGJIH / +DELWDW VHOHFWLRQ LQ WLWPLFH 1DWXUH

'DYLV -0 DQG -$ 6WDPSV 7KH HIITHFW Rl QDWDO H[SHULHQFH RQ
b

3LSHU : + ODNLQJ KDELWDW VHOHFWLRQ PRUH ¢IDPLOLDU& D UHYL

.HDUQV /- DQG $' 5RGHZDOG 'LWKLQ VHDVRQ XVH Rl SXEOLF DQ

QHVW VLWH VHOHFWLRQ - 2UQLWKRO b

.RNNR + DQG : - 6XWKHUODQG (FRORJLFDO WUDSV LQ FKDQJLQJ

FRQVHTXHQFHV RI D EHKDYLRXUDOO\ PHGLDWHG $OOHH HIIHFW (YRO (

*XQQDUVVRQ 7 * -$ *LOO - 1HZWRQ 30 3RWWV DQG : - 6XWKHUO

TXDOLW\ DQG ILWQHVV LQ D PLJUDWRU\ ELUG 3URF %LRO 6FL

JRUVPDQ -7 0 % +MHUQTXLVW - 7DLSDOH DQG / *XVWDIVVRQ

TXDOLW\ IDFLOLWDWLQJ KDELWDW VHOHFWLRQ DQG LQYHVWPHQW GHFL

ODUUD 33 7 : 6KHUU\ DQG 57 +ROPHYV 7HUULWRULDO H[FOXVLF

-DPDLFD D UHPRYDO H[SHULPHQW ZLWK $PHULFDQ 5HGVWDUWY B6HWRS

3HWLW /- DQG '5 3HWLW YDFWRUV JRYHUQLQJ KDELWDW VHOHF\

JUHWZHOO /XFDV PRGHOV (FRO ORQRJU b

JLVKHU 5 - DQG 6 . 'DYLV JURP :LHQV WR 5REHO D UHYLHZ RI JUI

O0DQDJH b

OF*UDWK /- & 9DQ 5LSHU,,, DQG - - )RQWDLQH YORZHU SRZHU

VHWWOHPHQW FXH IRU PLJUDWLQJ ELUGV - $QLP (FRO b

2ULDQV * + DQG -) :LWWHQEHUJHU 6SDWLDO DQG WHPSRUDO VF

6 b6

&RUQHOO ./ DQG 70 'RQRYDQ 6FDOH GHSHQGHQW PHFKDQLVPV

SDVVHULQH DQ H[SHULPHQWDO DSSURDFK $XN b

6DSLU 1 = $EUDPVN\ ( 6KRFKDW DQG , ,]JKDNL 6FDOH GHSHQG

IUXJLYRURXV SDVVHULQHV 1DWXUZLVVHQVFKDIWHQ b

OF&DEH -' DQG % - 20VHQ 7UDGHRIIV EHWZHHQ SUHGDWLRQ ULV

ODQGELUGV GXULQJ DXWXPQ PLJUDWLRQ $XN b

&RFNOH ./ . ODUWLQ DQG 0 & 'UHYHU 6XSSO\ RI WUHH KROHV

SULPDU\ DQG ORJJHG VXEWURSLFDO $WODQWLF IRUHVW %LRO &RQVHU

.RVNL 70 & /LQGVWHGW 7 .OHPROD - 7URVFLDQNR ( 0DQW\OD

PD\ FDXVH FKDQJHV LQ WKH YLVXDO SURSHUWLHV RI OHDYHV DQG DIIHF

SUHGDWRUV %HKDY (FRO B6RFLRELRO b

ODQW\OD ( 6 .LSSHU DQG 0 +LONHU ,QVHFWLYRURXV ELUGV FD

LQGXFHG SLQHV (FRO (YRO b

+LOWSROG , DQG : * 6KULYHU %LUGV EXJ RQ LQGLUHFW SODQW ¢
[

+ROPHV 57 DQG 6. 5RELQVRQ 7UHH VSHFLHV SUHIHUHQFHV RI II

KDUGZRRGV IRUHVW 2HFRORJLD b

+ROPHV 57 DQG - & 6FKXOW] )RRG DYDLODELOLW\ IRU IRUHVW E

DEXQGDQFH RQ ELUG IRUDJLQJ &DQ - =RRO b

OXOOHU ./ =-$ 6WDPSV 99 .ULVKQDQ DQG 1 + :LOOLWYV 7KH H

KDELWDW TXDOLW\ RQ KDELWDW VHOHFWLRQ LQ WHUULWRULDO ELUGV

$KOHULQJ 0$ DQG - )DDERUJ $YLDQ KDELWDW PDQDJHPHQW PHH

ZLOO WKH\ FRPH" $XN p



%HWWYV 0 * $6 +DGOH\ 1 5RGHQKRXVH DQG - - 1RFHUD 6RFLD
VWUXFWXUH LQ EUHHGLQJ VLWH VHOHFWLRQ E\ D PLJUDQW VRQJELUG .

+DKQ % $ DQG (' B6LOYHUPDQ 6RFLDO FXHV IDFLOLWDWH KDELWE
EUHHGLQJ WHUULWRULHYV LQ UHVSRQVH WR VRQJ %LRO /HWW b
ORULQD\ - -7 )RUVPDQ DQG % 'ROLJH] +HWHURVSHFLILF VRQJ
VHWWOHPHQW GHFLVLRQV DQ H[SHULPHQWDO DSSURDFK LQ D ZLOG ELLI
JRQWDLQH - - DQG 7 ( ODUWLQ 3DUHQW ELUGV DVVHVV QHVW SU}
VWUDWHJILHV (FRO /HWW b

/IDGLQ =6 9 'a&$PLFR -0 %DHWHQV 55 5RWK DQG : * 6KULYHU
KRVWPSDUDVLWH LQWHUDFWLRQV OLQNHG WR UHJLRQDO SRSXODWLRQ
OD\RU 6 - ' & 6FKQHLGHU -$ 6FKDHIHU DQG 6 3 ODKRQH\ +DE|
(FRVFL b

ORUULV ' : (FRORJLFDO VFDOH DQG KDELWDW XVH (FRORJ\

%RYHV 7 - '$ %XHKOHU - 6KHHKDQ 3 % :RRG $' 5RGHZDOG - /

LQ EUHHGLQJ KDELWDW VHOHFWLRQ E\ &8HUXOHDQ :DUEOHUV 6HWRSKD.
$XN b

ODUWLQ 7 ( $UH PLFURKDELWDW SUHIHUHQFHV RI FRH[LVWLQJ VSH
b
ODF$UWKXU 5 + 3RSXODWLRQ HFRORJ\ RI VRPH ZDUEOHUV RI QRUW
b
"RRG (O $ 0 3LGJHRQ ) /ILX DQG ' - OODGHQRII %LUGYV VHH WK

LPSDFWV RI FKDQJHV LQ IRUHVW FRPSRVLWLRQ RQ VRQJELUGY GXULQJ
b

*DOOLQDW $6 5 % 3ULPDFN DQG 7/ /OR\G (YDQV &DQ LQYDVLY
UHVRXUFH IRU ELUGYV XQGHU FOLPDWH FKDQJH" $ FDVH VWXG\ RQ ELUG
%RUJPDQQ ./ & - &RQZD\ DQG 0/ ORUULVRQ %UHHGLQJ SKHQR
VHDVRQDO GHFOLQHV LQ WKH ULVN RI QHVW SUHGDWLRQ 3/R6 2QH
1HOVRQ 6 % 0 -- &RRQ DQG -5 OLOOHU 'R KDELWDW SUHIHUHQ
DGDSWLYH KDELWDW VHOHFWLRQ E\ D JUDVVODQG VRQJELUG 2HFRORJI
5LPPHU & & DQG .3 OF)DUODQG .QRZQ EUHHGLQJ DQG ZLQWHULC
2UQLWKRO b
ODUUD 33 (% &RKHQ 65 /RVV - ( 5XWWHU DQG & 0 7RQUD
DQLPDO HFRORJ\ %LRO /HWW
9LW] $ & DQG $ ' 5RGHZDOG 9HJHWDWLYH DQG IUXLW UHVRXUFH\
IRUHVW ELUGV GXULQJ WKH SRVWEUHHGLQJ SHULRG $XN b
5D\EXFN ': -/ /DUNLQ 6 + BWROHVRQ DQG 7 - %RYHV 5DGLR
DQG G\QDPLF KDELWDW VHOHFWLRQ RI IOHGJOLQJ &HUXOHDQ :DUEOHU\
ORRUH )5 DQG '$ S$ERUQ OHFKDQLVPV RI HQ URXWH KDELWDW Vt
GHFLVLRQV GXULQJ VWRSRYHU" 6WXGLHV LQ $YLDQ %LRORJ\ b
%XOHU -- )5 ORRUH DQG 6 :ROWPDQQ $ PXOWL VFDOH H[DPLQ
(FRORJ\ b
&KDOIRXQ $' DQG . $ 6FKPLGW . $ $GDSWLYH EUHHGLQJ KDELW
b
5ROVWDG - % /RNHQ DQG ( 5ROVWDG +DELWDW VHOHFWLRQ DV
ZRRGSHFNHU DW WKH QRUWKHUQ HGJH RI LWV GLVWULEXWLRQ UDQJH :
7KRPSVRQ )5 70 'RQRYDQ 50 'H*UDII - )DDERUJ DQG 6 . 5S5RELQ\

SHUVSHFWLYH RI WKH HIITHFWV RI IRUHVW IUDJPHQWDWLRQ RQ ELUGV L

'RENLQ >HGV@ (IIHFWV Rl +DELWDW JUDJPHQWDWLRQ RQ %LUGV LQ :H

IURP WKH (DVWHUQ 8QLWHG 6WDWHY 6WXGLHV LQ $YLDQ %LRORJ\

OLWFKHOO /- 7 .RKOHU 3 & :KLWH DQG . ( $UQROG +LJK LQW

DQG IXQFWLRQDO KDELWDW UHODWLRQVKLSYV LQ (XURSHDQ QLJKWMDUV
b

obuub 33 DQG 57 +ROPHV 57 &RQVHTXHQFHY RI GRPLQDQFH P
$PHULFDQ 5HGVWDUWY GXULQJ WKH QRQEUHHGLQJ VHDVRQ $XN
3RZHOO [/ (0 $PHV -5 :ULJKW - ODWWKLRSRXORV DQG 3 3 0DUU

EHWZHHQ UHVLGHQW DQG ZLQWHULQJ ELUGV H[SHULPHQWDO HYLGHQFI
H

:XQGHUOH -U -0 6H[XDO KDELWDW VHJUHJDWLRQ LQ ZLQWHULQJ %
SsS b ,Q +DJDQ -0 DQG ': -RKQVWRQ >HGV@ (FRORJ\ DQG &RQVH
IDQGELUGY 6PLWKVRQLDQ ,QVWLWXWLRQ 3UHVV :DVKLQJWRQ '&
&DWU\ 3 5% 3KLOOLSV -3 &UR[DOO . 5XFNVWXKO DQG 3 1HXKDX
SDWWHUQV SURFHVVHV DQG LPSOLFDWLRQV IRU FRQVHUYDWLRQ SS
6H[XDO 6HJUHJDWLRQ LQ 9HUWHEUDWHY (FRORJ\ Rl WKH 7ZR 6H[HV &D



%HQQHWW 5 ( $' 5RGHZDOG DQG .9 5RVHQEHUJ 2YHUORRNHG
IHPDOH PLJUDWRU\ ODQGELUGY WR WKUHDWV %LRO &RQVHUY

9LWRXVHN 30 +$ ORRQH\ - /XEFKHQFR DQG -0 OHOLOOR +XF
6FLHQFH b

%XWFKDUW 6 + 0 :DOSROH % &ROOHQ $ 9DQ 6WULHQ -3 B6FKDU
ELRGLYHUVLW\ LQGLFDWRUV RI UHFHQW GHFOLQHV B6FLHQFH

'REVRQ $ ' /RGJH - $OGHU * 6 &XPPLQJ - .H\PHU - OF*ODGH |
FROODSVH DQG WKH GHFOLQH RI HFRV\WVWHP VHUYLFHV (FRORJ\
'HYLFWRU 9 5 -XOOLDUG ' &RXYHW $ /HH DQG ) -LIJXHW )X Q
XUEDQL]DWLRQ RQ ELUG FRPPXQLWLHV &RQVHUY %LRO )
'UHWHQEHUJ - $ /LQGVWURP 6 6YHQVVRQ 7 7KLHUIHOGHU DQG 7

ELUGY LQ 6ZHGHQ DQG (QJODQG VLPLODU WUHQGV EXW GLIIHUHQW SDV
b

'DUUHQ 36 6 % /HUPDQ 5 $QGUDGH ./ /DUVRQ DQG + / %DWHPDC
VSHFLHV ORVVHV GHWHFWHG LQ 3KRHQL[ GHVSLWH VWDELOLW\ LQ ELUG

3DGLOOD % - DQG $ ' 5RGHZDOG $YLDQ PHWDSRSXODWLRQ G\QDF
BUEDQ (FRV\VW b

JLVFKHU -' 6 + &0OHHWRQ 7 3 /\RQV DQG -5 OLOOHU SUEDQL]
UROH Rl WURSKLF G\QDPLFV LQ VWUXFWXULQJ YHUWHEUDWH FRPPXQLW
5REHUWVRQ % $ DQG 5/ +XWWR $ IUDPHZRUN IRU XQGHUVWDQG!L
H[LVWLQJ HYLGHQFH (FRORJ\ b

5RGHZDOG $' '3 BKXVWDFN DQG / ( +LWFKFRFN ([RWLF VKUXE\
QHVWLQJ ELUGV %LRO ,QYDVLRQV b

5RGHZDOG $°' '3 B6KXVWDFN DQG 7 0 -RQHV "\QDPLF VHOHFWLY
LQ KXPDQ GRPLQDWHG ODQGVFDSHV (FRORJ\ P

+ROODQGHU )$ 1 7LWHX[ O - +ROYHFN DQG + 9DQ '\FN 7LPLQ
ELUG $P 1DW b

6DQWDQJHOL $ $ /HKLNRLQHQ $ %RFN 3 3HOWRQHQ 6DLQLR / -I
6WURQJHU UHVSRQVH RI IDUPODQG ELUGV WKDQ IDUPHUV WR FOLPDWH
WUDS %LRO &RQVHUY =
3ROORFN & - 3 &DSLOOD /DVKHUDV 5 $ OF*LOO % +HOP DQG ' 0 '
DQG VWDEOH LVRWRSH GDWD UHYHDO DOWHUHG GLHW OLQNHG WR ORZ
FDHUXOHXV 6FL 5HS b

+DQPHU + - 5/ 7TKRPDV DQG 0 ' )HOORZHV BURYLVLRQ RI VXSSC
LQFUHDVH WKH ULVN RI ORFDO QHVW SUHGDWLRQ ,ELV =)
&KDPEHUODLQ ' ( $5 &DQQRQ 03 7RPV ', /HHFK % - +DWFKZHO

SURGXFWLYLW\ LQ XUEDQ ODQGVFDSHV D UHYLHZ DQG PHWD DQDO\VLV
7LWHX[ 1 2 $L]SXUXD ) $ +ROODQGHU ) 6DUGD 3DORPHUD 9 +HL
(FRORJLFDO WUDSV DQG VSHFLHV GLVWULEXWLRQ PRGHOV D FKDOOHQ
(FRJUDSK\ b

>81@ 8QLWHG 1DWLRQV 3RSXODWLRQ )XQG BWDWH RI :RUOG 3RSX(
*URZWK 8QLWHG 1DWLRQV 3RSXODWLRQ )XQG 1HZ <RUN 1<
*ULPP 1 % ' )RVWHU 3 *URIIPDQ -0 *URYH & 6 +RSNLQVRQ . -

FKDQJLQJ ODQGVFDSH HFRV\WWHP UHVSRQVHV WR XUEDQL]DWLRQ DQG
JURQW (FRO (QYLURQ b

/JHUPDQ 6 % '/ 1DUDQJR 5 $QGUDQGH 3 : :DUUHQ $ *UDGH DQG
KXPDQ GULYHUV DQG KXPDQ FRQVHTXHQFHV SS b ,Q %DUERVD 3 >
&KDOOHQJHV &$%$% ,QWHUQDWLRQDO

JHSFI\N & $ 0) $URQVRQ ./ (YDQV 0$ *RGGDUG 6 % /HUPDQ DQ
LQ WKH FLW\ IXQGDPHQWDO TXHVWLRQV IRU XQGHUVWDQGLQJ WKH HFF
FRQVHUYDWLRQ %LRVFL b

5SHEROR ,IUDQ 1 -/ 7HOOD DQG 0 &DUUHWH 0 SBUEDQ FRQVHUY
WKH JUDVVODQG VSHFLDOLVW EXUURZLQJ RZO WR SHUIRUP EHWWHU LQ
)DHWK 6 + 36 :DUUHQ ( 6KRFKDW DQG : $ ODUXVVLFK 7URSKL
%LRVFL b

7DOODP\ ': '/ 1DUDQJR DQG $ OLWFKHOO 'R QRQ QDWLYH SOD:
GHFOLQHV" (FRO (QWRPRO

(YDQV % 6 $ 0 .LOSDWULFN $ + +XUOEHUW DQG 3 3 0DUUD L\
LQIOXHQFH Rl ODQGVFDSH SHUPHDELOLW\ RQ WKH VHWWOHPHQW SDWW
&KDFH -) DQG - - :DOVK BUEDQ HIIHFWV RQ QDWLYH DYLIDXQD [

b



ODU]JOXIl - DQG $ ' 5RGHZDOG &RQVHUYLQJ ELRGLYHUVLW\ LQ XU
ELUGAY SHUVSHFWLYH &LWLHV (QYLURQ &$7(

6RDQHV . 0 6LHYHUV < ( &KHH 16 :LOOLDPV 0 %KDUGZDM $ -
FRPPRQ PLVFRQFHSWLRQV WR LQVSLUH FRQVHUYDWLRQ DFWLRQ LQ XUE
>)$2@ )RRG DQG $JULFXOWXUH 2UJDQL]DWLRQ Rl WKH 8QLWHG 1DWLRQ\
'RQDOG 3) 5 ( *UHHQ DQG 0 ) +HDWK $JULFXOWXUDO LQWHQVL
IDUPODQG ELUG SRSXODWLRQV 3URF %LRO 6FL b

6WDQWRQ 5/ & $ ORUULVVH\ DQG 5 * &ODUN $QDO\VLV RI WUHC
GHFOLQHV LQ 1RUWK $PHULFD D UHYLHZ $JULF (FRV\VW (QYLURQ
.UHPHQ & DQG $0 OHUHQOHQGHU /IDQGVFDSHV WKDW ZRUN IRU E

5H\QROGV 0' % / 6XOOLYDQ ( +DOOVWHLQ 6 ODWVXPRWR 6 .HO

FRQVHUYDWLRQ IRU PLJUDWRU\ VSHFLHV B6FL $GY

JLQFK 7 6 *LOOLQJV 5 ( *UHHQ ' ODVVLPLQR : - 3HDFK DQG $ %

WKH ODQG VKDULQJ VSDULQJ FRQWLQXXP LQ IDUPODQG GRPLQDWHG OD
b

+ROH '* $ - 3HUNLQV -' :LOVRQ , + $OH[DQGHU 3 9 *ULFH DQG
IDUPLQJ EHQHILW ELRGLYHUVLW\" %LRO &RQVHUY b

3HUOXW 1* $0 6WURQJ 70 'RQRYDQ DQG 1 - %XFNOH\ 5HJLR
VRQJELUGV (IIHFWV RI DJULFXOWXUDO PDQDJHPHQW %LRO &RQVHUY
%OLW]JHU (- &) 'RUPDQQ $ +ROJVFKXK $0 .OHLQ 7 $ 5DQG DQG
IXQFWLRQDOO\ LPSRUWDQW RUJDQLVPV EHWZHHQ PDQDJHG DQG QDWXU
b

.DUS ' 6 &' OHQGHQKDOO 5 ) 6DQGL 1 &KDXPRQW 35 (KUOLFK
EROVWHUV ELUG DEXQGDQFH SHVW FRQWURO DQG FRIIHH \LHOG (FRO

1REOH , 5 DQG 5 'LU]R JRUHVWY DV KXPDQ GRPLQDWHG HERV\VW
6FKLHFN - DQG 6 - 6RQJ &KDQJHV LQ ELUG FRPPXQLWLHV WKURX
KDUYHVW LQ ERUHDO IRUHVWV Rl ZHVWHUQ 1RUWK $PHULFD OLWHUDW:
b
3HUU\ 5: -0 -HQNLQV 5 ( 7KLOO DQG )5 7KRPSVRQ ,,, /IRQJ V
UHJHQHUDWLRQ PHWKRGY RQ PDWXUH IRUHVW ELUGV )RU (FRO 0DQDJ
.HOOQHU .) 3 - 5XKO - % 'XQQLQJ -U - . 5LHJHO DQG 5 . 6ZLKDU\
EUHHGLQJ ELUGV WR H[SHULPHQWDO IRUHVW PDQDJHPHQW LQ ,QGLDQD
3HUIHFWR , 5% 5LFH 5 *UHHQEHUJ DQG 0 ( 9DQ GHU 9RRUW 6

ELRGLYHUVLW\ VKDGH FRIIHH SODQWDWLRQV FDQ FRQWDLQ DV PXFK EL
b

%DNHUPDQV 0 + $ & 9LW] $' 5RGHZDOG DQG & * 5HQJLIR OLJI

LQ WKH 9HQH]XHODQ $QGHV ZLWK LPSOLFDWLRQV IRU FRQVHUYDWLRQ F
[5)

6DQFKH] &ODYLMR [/ O 1 - %D\O\ DQG 3 ) 4XLQWDQD $VFHQFLR 4
ODQGVFDSHY DQG WKH UROH RI IRUHVW UHPQDQWY DQG VKDGH FRIIHH
(FRO p

-RKQVRQ 0 (IHHFWV RI 6KDGH 7UHH 6SHFLHV DQG &URS 6WUXFWX L
&RPPXQLWLHV LQ D -DPDLFDQ 6KDGH &RIIHH 30DQWDWLRQ %LRWURSLF
%DNHUPDQV 0+ $' 5RGHZDOG $ & 9LW] DQG & 5HQJLIR OLJUI
UROH RI VWUXFWXUDO DQG IORULVWLF IHDWXUHV $JURIRU 6\VW
1DUDQJR '/ ': 7DOODP\ .- 6Q\GHU DQG 5 $ 5LFH &DQRS\ WUHI
ELUGV LQ VKDGH FRIIHH IDUPV ,PSOLFDWLRQV IRU PLJUDWRU\ ELUG FR
OF'HUPRWW 0 ( DQG $' 5RGHZDOG &RQVHUYDWLRQ YDOXH RI VLC
$QGHDQ IRUHVW IORFNV %LRO &RQVHUY b
ORRUPDQ & ( 60 *URGVN\ DQG 6 5XSS 5HQHZDEOH (QHUJ\ DQG
6PLWK -$ DQG -) 'Z\HU $YLDQ LQWHUDFWLRQV ZLWK UHQHZDEOH
b
ODKRQH\ $ DQG $ ' &KDOIRXQ SHSURGXFWLYH VXFFHVV RI +RUQH
UHODWLRQ WR ZLQG HQHUJ\ LQIUDVWUXFWXUH &RQGRU b
3HQQLQJWRQ '1 DQG 5 % %ODLU +DELWDW VHOHFWLRQ RI EUHH(
XQWDQJOLQJ WKH UHODWLYH LPSRUWDQFH RI ELRSK\VLFDO HOHPHQWYV
'XQIRUG : DQG . )UHHPDUN ODWUL[ PDWWHUV HIIHFWV RI VXUUR
2WWDZD &DQDGD /DQGVF (FRO b
+RVWHWOHU 0 7KH LPSRUWDQFH RI PXOWL VFDOH DQDO\VHV LQ DY
HQYLURQPHQWYV SS b ,Q ODU]JOXIl -0 5 %RZPDQ DQG 5 'RQQH(

&RQVHUYDWLRQ LQ DQ B8UEDQL]JLQJ :RUOG 6SULQJHU %RVWRQ 0%



*RGGDUG 0 $ $ - 'RXJLOO DQG 7 * %HQWRQ 6FDOLQJ XS IURP JI

XUEDQ HQYLURQPHQWYV 7UHQGV (FRO (YRO b

1DUDQJR '/ ': 7DOODP\ DQG 3 3 0DUUD 1DWLYH SODQWV LPSU|
LQVHFWLYRURXV ELUG %LRO &RQVHUY b

1DUDQJR '/ ': 7DOODP\ DQG 3 3 0DUUD 1RQQDWLYH SODQWV U
LQVHFWLYRURXV ELUG 3URF 1DWO $FDG 6FL 86% b
%RUJPDQQ ./ DQG $' 5RGHZDOG 1HVW SUHGDWLRQ LQ DQ XUEDC
VKUXEV (FRO $SSO b

%XUJKDUGW .7 ': 7DOODP\ DQG *: 6KULYHU ,PSDFW RI QDWLY
ELRGLYHUVLW\ LQ VXEXUEDQ ODQGVFDSHV &RQVHUY %LRO b
/HUPDQ 6 % DQG 3 6 :DUUHQ 7KH FRQVHUYDWLRQ YDOXH RI UHVL
(FRO $SSO b

'RQQHOO\ 5 DQG - 0 O0DU]JOXII ,PSRUWDQFH RI UHVHUYH VL]H DQG
FRQVHUYDWLRQ &RQVHUY %LRO b

OF&OXUH & - % : S5ROHN DQG * ( +LOO 3UHGLFWLQJ RFFXSDQF\
PLFURKDELWDW LQIRUPDWLRQ QHFHVVDU\" &RQGRU b

+HUVH 05 0 ( (VWH\ 3 - ORRUH % . 6DQGHUFRFN DQG : $ %R\OH
EUHHGLQJ KDELWDW VHOHFWLRQ E\ DQ HQLJPDWLF JUDVVODQG VRQJEL

'LGRZV 6 $ DQG ' 'UDNH (YDOXDWLQJ WKH 1DWLRQDO :LOGOLIH )
SURJUDP /DQGVF 8UEDQ 30DQ =

*LEEV -3 DQG '* :HQQ\ 6RQJ RXWSXW DV D SRSXODWLRQ HVWLP]
JLHOG 2UQLWKRO b

%DLOH\ % $ DQG ', .LQJ +DELWDW VHOHFWLRQ DQG KDELWDW T
JURZLQJ UHJLRQ LQ +RQGXUDV *ORE (FRO &RQVHUY

$XVSUH\ , - )/ 1HZHOO 6 . 5RELQVRQ $GDSWDWLRQV WR OLJK
GLVDVVHPEO\ RI DYLDQ FRPPXQLWLHV LQ WURSLFDO FRXQWU\VLGHV (F
*RRGZLQ 6 ( DQG : * 6KULYHU (IITHFWV RI WUDIILF QRLVH RQ RFF)
%LRO b

6HQ]DNL 0 -5 %DUEHU -1 3KLOOLSV 1 + &DUWHU & % &RRSHU

SROOXWDQWY DOWHU ELUG SKHQRORJ\ DQG ILWQHVV DFURVV D FRQWLC
$WZHOO -: * & &DUGRVR ' - :KLWWDNHU 6 &DPSEHOO 1HOVRQ .

%ROGQHVV EHKDYLRU DQG VWUHVV SK\VLRORJ\ LQ D QRYHO XUEDQ HQY
DGDSWDWLRQ %HKDY (FRO b

$KOHULQJ 0$ DQG - )DDERUJ $YLDQ KDELWDW PDQDJHPHQW PHH
ZLOO WKH\ FRPH" $XN b

JLVFKHU -' 6 + &0OHHWRQ 7 3 /\RQV DQG -5 OLOOHU SBUEDQL]
UROH RI WURSKLF G\QDPLFV LQ VWUXFWXULQJ YHUWHEUDWH FRPPXQLW
3HWHUV 9 ( 7 $ &DUOR 0 $ OHOOR 5% 5LFH ': 7DOODP\ 6 $ &C

LOQWHUDFWLRQV WR LQIRUP WUHH VHOHFWLRQ LQ WUHH EDVHG DJURHF]
b
-RKQVRQ 0' DQG 7 : 6KHUU\ (IITHFWV RI IRRG DYDLODELOLW\ RQ \
DPRQJ KDELWDWV LQ -DPDLFD - $QLP (FRO b
‘RRG (0 DQG 6 (VDLDQ 7KH LPSRUWDQFH RI VWUHHW WUHHV WR
*DEEH $3 6. 5RELQVRQ DQG -' %UDZQ 7UHH VSHFLHV SUHIHUI
LPSOLFDWLRQV IRU IORRGSODLQ IRUHVW UHVWRUDWLRQ &RQVHUY %LF
1DUDQJR '/ ': 7DOODP\ DQG .- B6KURSVKLUH . - YHZ NH\VWRQ'}
RI /HSLGRSWHUD VSHFLHV 1DW &RPPXQ
&RRSHU 5 - 'LHWDU\ UHODWLRQVKLSY DPRQJ LQVHFWLYRURXV ELU
'LVVHUWDWLRQ :HVW 9LUJLQLD 8QLYHUVLW\ ORUJDQWRZQ :9
5RGHZDOG $' DQG 0 ' $EUDPV JORULVWLFV DQG DYLDQ FRPPXQL
FKDQJHV LQ HDVWHUQ IRUHVW FRPSRVLWLRQ )RUHVW BFL b
1HZHOO )/ DQG $' 5RGHZDOG 5ROH RI WRSRJUDSK\ FDQRS\ VWL
DQG QHVWLQJ VXFFHVV RI FDQRS\ VRQJELUGVY )RU (FRO ODQDJH
1HZHOO )/ 7 $ %HDFK\ $' 5RGHZDOG & * 5HQJLIR , - $XVSUH\ D
EHKDYLRU RI PLJUDQW ZDUEOHUV LQ PL[HG VSHFLHV IORFNV LQ 9HQH]X
VSHFLHY VHOHFWLRQ DQG HIIHFWV RI GURXJKW - )LHOG 2UQLWKRO
6RWR 3LQWR / 9 9LOODOYD]R /RSH] * -LPHQH] )HUUHU 1 5DPLUH]
7KH UROH RlI ORFDO NQRZOHGJH LQ GHWHUPLQLQJ VKDGH FRPSRVLYV

OH[LFR %LRGLYHUV &RQVHUY b

5REHUWVRQ % $ DQG 5/ +XWWR ,V VHOHFWLYHO\ KDUYHVWHG IR
JO\AFDWFKHUV" &RQGRU =)

5H\QROGV 6 - -' ,E£3H] fODPR 3 6XPDVJIJXWQHU DQG 0 & 0DLQZDUL

EXLOGLQJ LQ ELUGY D UHYLHZ RI WKUHDWY DQG RSSRUWXQLWLHV - 2|



-HGOLFND -$ 5 *UHHQEHUJ DQG '. /HWRXUQHDX $YLDQ FRQVH
VHUYLFHV LQ &DOLIRUQLD YLQH\DUGV 3/R6 2QH

%XUJLR .5 0$%$ 5XEHJD DQG ' 6XVWDLWD 1HVW EXLOGLQJ EHKD
SRWHQWLDO PHFKDQLVPV IRU UHGXFLQJ GDPDJH WR XWLOLW\ SROHV 3
$XVSUH\ , - DQG $' 5RGHZDOG 3RVWIOHGJLQJ VXUYLYRUVKLS DQ
ODQGVFDSH JUDGLHQW $XN b

OLJUDWLRQ LQ WKH $QWKURSRFHQH

1HZWRQ 7KH OLJUDWLRQ (FRORJ\ Rl %LUGV 2[IRUG 8. (OVHYLHU
*ZLQQHU ( 3KRWRSHULRG DV D PRGLI\LQJ DQG OLPLWLQJ IDFWRU L
- %LRO S5K\WKPV b

*ZLQQHU ( &LUFDGLDQ DQG FLUFDQQXDO SURJUDPPHV LQ DYLDQ P
*ZLQQHU ( DQG $ 6FKHXHUOHLQ 3KRWRSHULRGLF UHVSRQVLYHQ!
VWRQHFKDWVY 7KH &RQGRU b

.QXGVHQ ( $ /LQGHQ & %RWK 1 -RQJHQ ) 3XOLGR 1 6DLQR H\
RI PLJUDWRU\ ELUGY DQG FOLPDWH FKDQJH %LRO 5HY &DPE 3KLORV

%RMDULQRYD - DQG 2 %DEXVKNLQD 3KRWRSHULRGLF FRQGLWLR(
DXWXPQ OLJUDWLRQ LQ WKH /RQJ WDLOHG 7LW $HJLWKDORV F FDXGD)
+HOP % DQG ( *ZLQQHU &DUU\ RYHU HIITHFWV Rl GD\ OHQJWK GXU
2UQLWKRORJ\ b

JUDVHU . & & 6LOYHULR 3 .UDPHU 1 OLFNOH 5 $HSSOL DQG % -

PLJUDWRU\ VRQJELUG GRHV QRW DGYDQFH VSULQJ VFKHGXOHV RU LQFU

WHPSHUDWXUHY DW EUHHGLQJ VLWHV 3/R6 2QH H
6FKPDOMRKDQQ + DQG & %RWK 7KH OLPLWV RI PRGLI\LQJ PLJUD\
1IDWXUH &OLPDWH &KDQJH b

6KDYH $ & - *DUURZD\ - B6LHJULVW DQG . & )UDVHU 7LPLQJ WI
WR WHPSHUDWXUH DQG DUH XQGHU VWURQJHU VHOHFWLRQ DW QRUWKH
*ZLQQHU ( DQG % +HOP &LUFDQQXDO DQG FLUFDGLDQ FRQWULEX

[ ,Q $ OLJUDWLRQ 3 %HUWKROG ( *ZLQQHU DQG ( 6RQQHQVFKH
+HLGHOEHUJ

6WXGGV & ( DQG 3 3 0DUUD 5DLQIDOO LQGXFHG FKDQJHV LQ IRR«
SURJUDPPH RI D PLJUDWRU\ ELUG 3URF %LRO 6FL b
OF.LQQRQ ($ & 4 6WDQOH\DQG % -0 B6WXWFKEXU\ &DUU\ RYHU
WR ILQLVK VSULQJ PLJUDWLRQ SHUIRUPDQFH RI D VRQJELUG 3/R6 2QH
%BRWK & YOH[LELOLW\ RI WLPLQJ RI DYLDQ PLJUDWLRQ WR FOLPDW
URXWH &XUU %LRO b

&RSSDFN 7 ) 3XOLGR DQG 3 %HUWKROG 3KRWRSHULRGLF UHVS
VSHFLHV 2HFRORJLD b

+HOP % % 0 9DQ 'RUHQ ' +RIIPDQQ DQG 8 +RIIPDQQ (YROXWL]
PLJUDWRU\ SLHG IO\FDWFKHUV &XUU %LRO b

9LVVHU 0 ( (YROXWLRQ DGDSWLQJ WR D ZDUPLQJ ZRUOG &XUU %
9LVVHU 0 ( DQG 3 *LHQDSS (YROXWLRQDU\ DQG GHPRJUDSKLF FR
1DW (FRO (YRO b

+XUOEHUW $ + DQG = /LDQJ 6SDWLRWHPSRUDO YDULDWLRQ LQ D
UHYHDOV HIIHFWV RI FOLPDWH FKDQJH 3/R6 2QH H

5XEROLQL ' $ 3 0°00HU . 5DLQLR DQG ( /HKLNRLQHQ ,QWUDYV

YDULDELOLW\ LQ WHPSRUDO WUHQGV RI VSULQJ PLJUDWLRQ SKHQRORJ\
p
&KDUPDQWLHU $ DQG 3 *LHQDSS &OLPDWH FKDQJH DQG WLPLQJ
HYROXWLRQDU\ YHUVXV SODVWLF FKDQJHV (YRO $SSO b
6WDQOH\ & 4 0 ODF3KHUVRQ . & )UDVHU ($ OF.LQQRQ DQG % - 0
LQGLYLGXDO VRQJELUGY UHYHDOV FRQVLVWHQW PLJUDWLRQ WLPLQJ E)
OD\RU 6 - 53 *XUDOQLFN 0 : 7LQJOH\ - 2WHJIXL - & :LWKH\ 6 &
SKHQRORJLFDO DV\QFKURQ\ EHWZHHQ VSULQJ JUHHQ XS DQG DUULYDO
%RWK & 6 %RXZKXLV & 0 /HVVHOOV DQG 0 ( 9LVVHU &OLPDWF
ORQJ GLVWDQFH PLJUDWRU\ ELUG 1DWXUH b
%RWK & & $0 9DQ 7XUQKRXW 5 * %LMOVPD + 6LHSHO $ - 9DQ 6
SRSXODWLRQ FRQVHTXHQFHV RI FOLPDWH FKDQJH DUH PRVW VHYHUH IF
3URF %LRO 6FL =



%URZQ & 5 DQG 0 % %URZQ HDWKHU PHGLDWHG QDWXUDO VHOH
%HKDY (FRO 6RFLRELRO =)

JUDVHU . & $ 6KDYH ( GH *UHHI - 6LHJULVW DQG & - *DUURZD\
WLPLQJ FDQ H[SODLQ ORQJ WHUP SRSXODWLRQ OHYHO DGYDQFHV LQ D
1HHOLQ -' 0 O%QQLFK + 6X - ( OH\HUVRQ DQG & ( +ROORZD\

ZDUPLQJ PRGHOV DQG REVHUYDWLRQV 3URF 1DWO $FDG 6FL 86%
1RUULV "5 33 0ObuubD 7 . .\VHU 7 : 6KHUU\ DQG / 0 5DWFOLIIH
UHSURGXFWLYH VXFFHVV RQ WKH WHPSHUDWH EUHHGLQJ JURXQGV LQ D

.RNNR + &RPSHWLWLRQ IRU HDUO\ DUULYDO LQ PLJUDWRU\ ELUGYV
6HHZDJHQ & / < 0D < ( ORUEH\ DQG & * *XJOLHOPR 6WRSRYHU
RULHQWDWLRQ RI VSULQJ PLJUDQW <HOORZ UXPSHG :DUEOHUV 6HWRSK
PHWK\OPHUFXU\ - 2UQLWKRO =)

(QJ o0/ % - 0 6BWXWFKEXU\ DQG & $ ORUULVVH\ ,PLGDFORSULG C
PLJUDWRU\ DELOLW\ LQ D VHHG HDWLQJ VRQJELUGL 6F 5HS

%RWK & DQG 0 ( 9LVVHU $GCGMXVWPHQW WR FOLPDWH FKDQJH LV F
PLJUDQW ELUG 1DWXUH b

1IHEHO 6 $ OLOOV -' OF&UDFNHQ DQG 3 ' 7D\ORU '"HFOLQHV R/
IROORZ D JHRJUDSKLF JUDGLHQW $YLDQ &RQVHUY (FRO

5RVHQEHUJ . 9 $0 'RNWHU 3 - %ODQFKHU -5 6DXHU $ & 6PLWK
I1RUWK $PHULFDQ DYLIDXQD 6FLHQFH P

6WHZDUW 5 . $ %UHGLQ $5 &RXWXULHU $* +RUQ ' /HSDJH 6

%UHHGLQJ %LUGV RI WKH ODULWLPH 3URYLQFHY 6DFNYLOOH 1HZ %UXC
(QYLURQPHQW &DQDGD 1DWXUDO +LVWRU\ 6RFLHW\ RI BULQFH (GZDUG
'"HSDUWPHQW RI 1DWXUDO 5HVRXUFHVY 1RYD 6FRWLD %LUG 6RFLHW\ 1R
BULQFH (GZDUG ,vODQG 'HSDUWPHQW RI $JULFXOWXUH DQG )RUHVWU\

YDQ 2SSHQ 0 - - . 20LYHU + 0 3XWQDP DQG 5 ' *DWHV %XLOG
DVVLVWHG HYROXWLRQ 3URF 1DWO $FDG 6FL 86% P
*ZLQQHU ( DQG : :LOWVFKNR (QGRJHQRXVO\ FRQWUROOHG FKDQ.
ZDUEOHU 6\0OYLD ERULQ - &RPS 3K\VLRO b

3HUGHFN $ & 7ZR W\SHV Rl RULHQWDWLRQ LQ PLJUDWLQJ VWDUOL
JULQJLOOD FRHOHEV / DV 5HYHDOHG E\ 'LVSODFHPHQW ([SHULPHQWYV
7KRUXS . , $ %LVVRQ 06 %RZOLQ 5% +ROODQG - & :LQJILHOG

IRUD QDYLJDWLRQDO PDS VWUHWFKLQJ DFURVV WKH FRQWLQHQWDO 8
86% [

7TKRUXS . DQG - 5DERO &RPSHQVDWRU\ EHKDYLRXU IROORZLQJ G
DQDO\WLV RI FDJH H[SHULPHQWV %HKDY (FRO 6RFLRELRO =)
7TKRUXS . 0/ 9HJD .56 6QHOO 5 /XENRYVNDLD O :LOOHPRHV 6

RZQ ZLQJV \RXQJ DQG DGXOW FXFNRRV UHVSRQG VLPLODUO\ WR ORQJ ¢
5HS

+HGHQVWURP $ DQG 7 $OHUVWDP +RZ IDVW FDQ ELUGV PLJUDWH
1LOVVRQ & 5+ .ODDVVHQ DQG 7 $OHUVWDP 'LIIHUHQFHV LQ VS
EHWZHHQ VSULQJ DQG DXWXPQ $P 1DW P

OF.LQQRQ ($ . & )UDVHU DQG % - 0 BWXWFKEXU\ 1HZ GLVFRYH]L
JHRORFDWRUV DQG D IOLJKW SODQ IRU WKH IXWXUH 7KH $XN t
OF.LQQRQ ($ DQG 2 3 /RYH 7HQ \HDUV WUDFNLQJ WKH PLJUDWLR
WKH JROGHQ DJH RI ELR ORJJLQJ 7KH $XN 2UQLWKRO $GY b
YDQ /RRQ $ -' 5D\ $ 6DYDJH - OHMHXU / ORVFDU 0 3HDUVRQ

LV SUHGLFWHG E\ EUHHGLQJ ODWLWXGH QRW KDELWDW TXDOLW\ LQ D
b

/IHX 0 DQG & : 7KRPSVRQ 7KH SRWHQWLDO LPSRUWDQFH RI PLJUL

VWDJLQJ DUHDV D UHYLHZ IRU QHRWURSLFDO PLJUDQWYV %LRO &RQVH

6WDQOH\ & 4 ($ OF.LQQRQ . & J)UDVHU 03 ODFSKHUVRQ * &DVE]

&RQQHFWLYLW\ RI ZRRG WKUXVK EUHHGLQJ ZLQWHULQJ DQG PLJUDWLE

%LRO [a)

SREHUWR &KDUURQ $ - .HQQHG\ / S5HLWVPD -$ 7TUHPEOD\ 5 .ULI

GLVWULEXWHG EUHHGLQJ SRSXODWLRQV RI &DQDGD ZDUEOHU &DUGHO!

&HQWUDO $PHULFD %0& =RRORJ\ $UWLFOH QXPEHU

:LNHOVNL O (0 7DUORZ $ 5DLP 5+ 'LHKO 53 /DUNLQ DQG * + 9

RI PLJUDWLRQ LQ IUHH IO\LQJ VRQJELUGYV 1DWXUH

*RPH] & 1 - %D\O\ "5 1RUULV 6 $ ODFNHQ]LH .9 5RVHQEHUJ 3

DFTXLUHG DW D VWRSRYHU VLWH LQIOXHQFH WKH SDFH RI LQWHUFRQW!I



6HHZDJHQ & / & ' 6KHSSDUG (- 60D\WRQ DQG & * *XJOLHOPR
FKDQJHV RI PLJUDWRU\ ODQGELUGYV LQGLFDWH DGHTXDWH VWRSRYHU U
&RQGRU b

5RGHZDOG 3 * DQG .9 5RVHQEHUJ %RWWOHQHFNV UHIXHOLQJ V
VWRSRYHU VLWHV PLJUDQWY UHDOO\ QHHG ,Q /LYLQJ %LUG &RUQHOO
KWWSV ZZZ DOODERXWELUGY RUJ QHZV ERWWOHQHFNV UHIXHOLQJ VW
PLJUDQWY UHDOO\ QHHG

6DQGEHUJ 5 DQG )5 ORRUH OLJUDWRU\ RULHQWDWLRQ RI UHG H\

HQHUJHWLF FRQGLWLRQ DQG HFRORJLFDO FRQWH[W %HKDY (FRO 6RFI

6LOOHWW 7 6 DQG 5 7 +ROPHV 9DULDWLRQ LQ VXUYLYRUVKLS RI

F\FOH - $QLP (FRO b

"HEVWHU 06 HW DO /JLQNV EHWZHHQ ZRUOGV XQUDYHOOLQJ PLJ
[

7D\ORU & 0 DQG '5 1RUULV 3RSXODWLRQ G\QDPLFV LQ PLJUDWR!

7D\ORU & 0 DQG % - 0 6WXWFKEXU\ (IITHFWV RI EUHHGLQJ YHUVX\

WKH SRSXODWLRQ G\QDPLFV RI D PLJUDWRU\ VRQJELUG (FRO $SSO

7D\ORU & 0 (IIHFWV Rl QDWDO GLVSHUVDO DQG GHQVLW\ GHSHQGH

G\QDPLFV LQ D PLJUDWRU\ QHWZRUN )URQW (FRO (YRO

6KHHK\ - & 0 7D\ORU DQG '5 1RUULV 7KH LPSRUWDQFH RI VWR:

FRQVHUYDWLRQ VWUDWHJILHV IRU PLJUDWRU\ DQLPDOV - 2UQLWKRO

.UDPHU *5 ' ( $QGHUVHQ '$ %XHKOHU 3 % :RRG 6 0 3HWHUVRQ

3RSXODWLRQ WUHQGYV LQ 9HUPLYRUD ZDUEOHUV DUH OLQNHG WR VWUR

H b

JUDVHU . & % -0 BWXWFKEXU\ & 6LOYHULR 30 .UDPHU - %DUUR

ZLGH WUDFNLQJ WR GHWHUPLQH PLJUDWRU\ FRQQHFWLYLW\ DQG WURSL

LQVHFWLYRUH 3URF %LRO 6FL P

JUDVHU . & $ 6KDYH $ 6DYDJH $ 5LWFKLH . %HOO - 6LHJULVW

PLIJUDWRU\ FRQQHFWLYLW\ DQG KDELWDW VHOHFWLRQ IRU D PLIJUDWRU
%LRO

$JHQFLHV 7 $ R)D: 6RXWKHUQ :LQJV $YDLODEOH IURP KWWSYV

LQVSLUHV VRXWKHUQ ZLQJV

&DQDGD 1 $ % & , 7KH 6WDWH Rl &DQDGDAV %LUGV (QYLURQPHQW

&DQDGD S

$NHVVRQ 6 DQG * %LDQFR 5RXWH VLPXODWLRQV FRPSDVV PHFK!

LQ ELUGV - &RPS 3K\VLRO $ 1HXURHWKRO 6HQV 1HXUDO %HKDY 3K\

(POHQ 6 7 OLJUDWRU\ RULHQWDWLRQ LQ WKH ,QGLJR %XQWLQJ 3D

FHOHVWLDO FXHV 7KH $XN b

(POHQ 6 7 OLJUDWRU\ RULHQWDWLRQ LQ WKH ,QGLJR %XQWLQJ 3D

RULHQWDWLRQ 7KH $XN

ORXULWVHQ + DQG 2 1 /DUVHQ OLJUDWLQJ VRQJELUGY WHVWHG L

VWHOODU FXHV IRU D WLPH LQGHSHQGHQW FRPSDVV - ([S %LRO 3V

)DOFKL ) 3 &LQ]JDQRO ' 'XULVFRH & & 0 .\ED &' (OYLGJH . %D,

DWODV RI DUWLILFLDO QLJKW VN\ EULJKWQHVV 6FL $GY H

-RKQVWRQ ': DQG 7 3 +DLQHYV $QDO\VLV RI PDVV ELUG PRUWDOL
b

"KLWWDP % ') OF$OSLQH 3 < 'DRXVW % 5RWKIXVV DQG 3 7KRPD\

*DV )ODUH RQ WKH %D\ Rl )XQG\ FRDVW LQ 1%$2& ':DVKLQJWRQ ' &

%RFHWWL & , &UXLVH VKLSV DV D VRXUFH RI DYLDQ PRUWDOLW\ G.

2UQLWKRORJ\ b

OF*ODVKHQ $ *ULVO\ UHSRUW UDLVHV TXHVWLRQV DERXW WKH FUX

$XGXERQ ODJD]LQH KWWSV ZZZ DXGXERQ RUJ QHZV JULVO\ UHSRUW U
LPSDFW PLJUDWLQJ ELUGYV
9DQ 'RUHQ % 0 . * +RUWRQ $ 0 'RNWHU + .OLQFN 6 % (OELQ DQ
XUEDQ OLJKW LQVWDOODWLRQ GUDPDWLFDOO\ DOWHUV QRFWXUQDO EL
b
ODFKWDQV & 6 & +5 :HGHOHV DQG ( 0 %D\QH $ ILUVW HVWLPDYV
NLOOHG E\ FROOLGLQJ ZLWK EXLOGLQJ ZLQGRZV $YLDQ &RQVHUYDWLR
/IRVV 65 7 :LOO 66 /RVV DQG 33 0DUUD %LUGPEXLOGLQJ FR
DQQXDO PRUWDOLW\ DQG VSHFLHV YXOQHUDELOLW\ 7KH &RQGRU
.RUSDFK $0 $ 0LOOV & +HLGHQUHLFK & O 'DY\ DQG . & )UDVHU
SDUWLWLRQLQJ RI PLJUDWRU\ IOLJKWV LQ D QLIWKMDU VSHFLHV - 2UC
'RPLQRQL ' 0 4XHWWLQJ DQG - 3DUWHFNH $UWLILFLDO OLJKW D\
SK\WLRORJ\ 3URFHHGLQJV RI WKH 5R\DO 6RFLHW\ % %LRORJLFDO 6FLHC



6PLWK 5 0 *DJQ« DQG . & )UDVHU 3UH PLJUDWLRQ DUWLILFLDO
WLPLQJ RI D WUDQV KHPLVSKHULF PLJUDWRU\ VRQJELUG (QYLURQ 3RO
O0XOOHU ) * 5XSSHO DQG + B6FKPDOMRKDQQ 'RHV WKH OHQJWK |
GHSDUWXUHV LQ D PLJUDWRU\ VRQJELUG" $QLP %HKDY b

GH -RQJ 0 63 &DUR 3 *LHQDSS . 6SRHOVWUD DQG 0 ( 9LVVHU

RI OLJKW FRORU DQG LQWHQVLW\ RQ GDLO\ DFWLYLW\ SDWWHUQV LQ EC
'RNWHU $0 $ )DUQVZRUWK ' )LQN 9 5XL] *XWLHUUH] : 0 +RFKDF
6HDVRQDO DEXQGDQFH DQG VXUYLYDO RI 1IRUWK $PHULFD&V PLJUDWRU\
(FRO (YRO

5\DQ %LUG IULHQGO\ ZLQGRZV UHGXFH FROOLVLRQ GHDWKV DW 8
KWWSV YDQFRXYHUVXQ FRP QHZV ORFDO QHZV ELUG IULHQGO\ ZLQGR?Z
7RURQWR & R %LUG IULHQGO\ *XLGHOLQHV 7RURQWR KWWSV Z:
GHYHORSPHQW RIILFLDO SODQ JXLGHOLQHV GHVLJQ JXLGHOLQHV ELUG
_.RNNR + &RPSHWLWLRQ IRU HDUO\ DUULYDO LQ PLJUDWRU\ ELUGYV
ZZZ MVWRU RUJ VWDEOH

BUEDQHN 53 (. 6]\WINRVNL DQG 6 ( =LPRUVNL 'LQWHU GLVWUL
UHLQWURGXFHG SRSXODWLRQ RI PLJUDWRU\ ZKRRSLQJ FUDQHV - )LVK
KWWSV GRL RUJ 5):0

&RQVSHFLILF DQG +HWHURVSHFLILF ,QWHUDFWLRQV

'LHQV - $ 7KH (FRORJ\ Rl %LUG &RPPXQLWLHV 9RO JRXQGDWLRC

3UHVV &DPEULGJH 8.

‘LHQV - $ 7KH (FRORJ\ Rl %LUG &RPPXQLWLHV 9RO 3URFHVVHYV

3UHVV &DPEULGJH 8.

1HZWRQ 3RSXODWLRQ /LPLWDWLRQ LQ %LUGV $FDGHPLF 3UHVV

&RQQHOO - 'LYHUVLW\ DQG WKH FRHYROXWLRQ RI FRPSHWLWRUYV
b

ODF$SUWKXU 5 + 3RSXODWLRQ HFRORJ\ Rl VRPH ZDUEOHUV RI 1RUW
b

%UDGEXU\ - DQG 6 / 9HKUHQFDPS BULQFLSOHV RI $QLPDO &RPPX

3UHVV 2[IRUG 8.

6HSS!QHQ - -7 )RUVPDQ O O0,QNN,QHQ DQG 5/ 7KRPVRQ 6RFL

DFURVV WLPH VSDFH DQG HFRORJ\ UHDFKLQJ KHWHURVSHFLILFV (FRC

$KOHULQJ 0$ ' $SUOW 0 * %HWWV 5 - )OHWFKHU -U - - 1RFHUD

UHFRPPHQGDWLRQV IRU WKH XVH Rl FRQVSHFLILF DWWUDFWLRQ PHWKR
&RQGRU b

6]\PNRZLDN - )DFLQJ XQFHUWDLQW\ KRZ VPDOO VRQJELUGV DFTXL
VHOHFWLRQ SURFHVV" 6SULQJHU 6FLHQFH 5HYLHZV b

5HHG -0 DQG $ 3 'REVRQ %HKDYLRXUDO FRQVWUDLQWY DQG FRQ
DQG UHFUXLWPHQW 75(( b

'DQFKLQ <« [/ $ *LUDOGHDX 7 - 9DORQH DQG 5 + :DJQHU 3XEOLF
FXOWXUDO HYROXWLRQ 6FLHQFH b

.HOO\ - . DQG . $ 6FKPLGW )OHGJOLQJ FDOOV DUH D VRXUFH RI V
KHWHURVSHFLILF VRQJELUG WHUULWRU\ VHOHFWLRQ (FRVSKHUH b
‘DUG 0 3 +DELWDW VHOHFWLRQ E\ GLVSHUVLQJ \HOORZ KHDGHG EC
XVH RI SXEOLF LQIRUPDWLRQ 2HFRORJLD b

3'1UW 7 DQG % 'ROLJH] *DWKHULQJ SXEOLF LQIRUPDWLRQ IRU KD
SDUHQWDO DFWLYLW\ 3URF 5 6RF % b

.LYHOD 60 -7 6HSS!QHQ 2 2YDVNDLQHQ % 'ROLJH] / *XVWDIIVR
SDVW DQG WKH SUHVHQW LQ GHFLVLRQ PDNLQJ WKH XVH RI FRQVSHFLI
(FRORJ\ P

.HOO\ - . DQG 03 :DUG 'R VRQJELUGY DWWHQG WR VRQJ FDWHJR
FDVH VWXG\ ZLWK D ZRRG ZDUEOHU %HKDYLRXU b

)DUUHOO 6/ 0/ ORUULVRQ $ - &DPSRPL]]L DQG 5 1 :LONLQV &
VHOHFWLRQ LQ DQ HQGDQJHUHG ZRRGODQG ZDUEOHU - $QLP (FRO
9LUJL 7 5/ %RXOWRQ O - 'DYLV =-- *LOUR\DQG -/ /RFNZRRG

SOD\EDFN RQ LQIOXHQFLQJ WKH VHWWOHPHQW GHFLVLRQV RI DQ HQGD(
[5)

%HWWV 0* $6 +DGOH\ 1 5RGHQKRXVH DQG - - 1RFHUD 6RFLD

VWUXFWXUH LQ EUHHGLQJ VLWH VHOHFWLRQ E\ D PLJUDQW VRQJELUG :



'DUG 03 DQG 6 6FKORVVEHUJ &RQVSHFLILF DWWUDFWLRQ DQG W
&RQVHUY %LRO
YJOHWFKHU 5 - -U 6SHFLHVY LQWHUDFWLRQV DQG SRSXODWLRQ GH(
VHOHFWLRQ - $QLP (FRO b
$QLFK 1 0 DQG 0 3 :DUG 8VLQJ DXGLR SOD\EDFN WR H[SDQG WKH
HQGDQJHUHG VSHFLHV 'LYHUV 'LVWULE p
0.QNN.QHQ 0 3 +HOOH * - 1LHPH DQG . ORQWJRPHU\ +HWHUR\
VWUXFWXUH DQG PLJUDQW DEXQGDQFHV LQ QRUWKHUQ EUHHGLQJ ELUG
7KRPVRQ 5/ -7 )RUVPDQ DQG 0 O0.,QNN,QHQ 3RVLWLYH LQWHUD
ELUGV WHVWLQJ WKH KHWHURVSHFLILF DWWUDFWLRQ K\SRWKHVLV 2H]
6]\PNRZLDN - 5/ 7KRPVRQ DQG / .XF]\QVNL ,QWHUVSHFLILF VRF
GHFLVLRQV DPRQJ PLJUDQW VRQJELUGV %HKDY (FRO b
6HSS!QHQ - 7 -7 )JRUVPDQ 0 O,QNN.QHQ , .UDPV DQG 7 6DOPL
RU UHMHFEWHG E\ REVHUYLQJ KHWHURVSHFLILF WXWRU ILWQHVV 3URF
%X[WRQ 9/ - (QRV - B6SHUU\ DQG 0 3 :DUG $ UHYLHZ RI FRQV
DFURVV WD[D (FRO (YRO b
&XULR ( 8 (UQV DQG : 9LHWK 7KH DGDSWLYH VLJQLILFDQFH RI
[5)
ODJUDWK 5' 70 +DIl 30 )DOORZ DQG $ 1 5DGIRUG (DYHVGUR
IURP PHFKDQLVPV WR FRQVHTXHQFHV %LRO 5HY b
ODUWLQ 7 1HVW SUHGDWLRQ DQG QHVW VLWHVRBQHZ SHUVSHFWLYF
J,EE3H] fODPR -' 5' ODJUDWK - & 2WH\]D $' &KDOIRXQ 7 0 +DII
SUHGDWLRQ UHVHDUFK UHFHQW ILQGLQJV DQG IXWXUH SHUVSHFWLYHV
ODJUDWK 5°' 70 +DIl $ +RUQ DQG 0/ /HRQDUG &DOOLQJ LQ W
DFRXVWLF FRPPXQLFDWLRQ E\ SDUHQW ELUGY DQG WKHLU RIIVSULQJ $
'LQNOHU ' DQG 0 % %URZQ $QWL SUHGDWRU GHIHQFH E\ QHLJKER!
GHIHQFH LQ WUHH VZDOORZV $QLP %HKDY b
%URZQ & 5 DQG 0 % %URZQ &RORQLDOLW\ LQ WKH &OLIlI 6ZDOOR:
%HKDYLRU 8QLYHUVLW\ Rl &KLFDJR 3UHVV &KLFDJR
'DQJ -6 DQG & 0 +XQJ %»DUQ VZDOORZ QHVW SUHGDWLRQ E\ D U}
WKUXVK LPSOLFDWLRQV IRU WKH HYROXWLRQ RI XUEDQ DYLDQ FRPPXQ
%URZQ & 5 7KH HFRORJ\ DQG HYROXWLRQ RI FRORQ\ VL]H YDULDWI
.UDPV , $ %HU]LQ# 7 .UDPD ' :KHDWFURIW . ,JDXQH DQG O - 5D
SUHGDWLRQ HQKDQFHV FRRSHUDWLRQ 3 5 6RF % =
7KRURJRRG 5 DQG 1 % 'DYLHV &RPELQLQJ SHUVRQDO ZLWK VRFL
H[SODLQV ZK\ FXFNRRV VKRXOG EH VHFUHWLYH B6FLHQWLILF 5HSRUWYV
‘"HDWKHUKHDG 3 - DQG ' - +R\DN 'RPLQDQFH VWUXFWXULQJ RI D ¢
[5)
+DIl 70 DQG '0 ODJUDWK /HDUQLQJ WR OLVWHQ" 1HVWOLQJ UHV
%HKDY b
6FKPLGW .$ ( /HH 56 2VWIHOG DQG . 6LHYLQJ (DVWHUQ FKL.
SUHGDWLRQ ULVN LQ UHVSRQVH WR WLWPRXVH DODUP FDOOV %HKDY (
&DUR 7 $QWL SUHGDWRU 'HIHQVHV LQ %LUGYV DQG ODPPDOV 8QLY}H
1RODQ 07 DQG -5 /XFDV $V\PPHWULHV LQ PREELQJ EHKDYLRXU
PREELQJ E\ QXWKDWFKHVY FKLFNDGHHY DQG WLWPLFH $QLP %HKDY
&RXUWLHU -5 DQG * 5LWFKLVRQ $ODUP FDOOV Rl WXIWHG WLWP
WKUHDW %HKDY (FRO b
+HWULFN 6 $ DQG . ( 6LHYLQJ $QWLSUHGDWRU FDOOV RI WXIWHC
WKUHDW LQIRUPDWLRQ %HKDY (FRO b
&DUOVRQ 19 ( *UHHQH DQG & 1 7HPSOHWRQ 1IXWKDWFKHV YDU
RI WKH HDYHVGURSSHG VLJQDOV 1DW &RPPXQ
7HPSOHWRQ & 1 DQG ( *UHHQH IXWKDWFKHVY HDYHVGURS RQ YDL
PREELQJ DODUP FDOOV 31$6 b
5DQGOHU & $ SRVVLEOH SK\ORJHQHWLFDOO\ FRQVHUYHG XUJHQF\
DOORSDWULF PREELQJ FDOOV %HKDY (FRO 6RFLRELRO =
ODUW QH] $( -3 *RPH] -0 3RQFLDQR DQG 6 . 5RELQVRQ )X QF
ULVN LQ DQ DPD]RQLDQ XQGHUVWRU\ ELUG FRPPXQLW\ $P 1DW =
ODUW QH] $( ( 3DUUD /) &ROODGR DQG 9 7 9UHGHQEXUJ 'HF
VWDEOH PXOWL VSHFLHV (FRORJ\ b
ODUW QH] $( ( 3DUUD 2 OXHOOHUNOHLQ DQG 9 7 9UHGHQHQEXUJ
ELUGV (FRORJ\ b
ODUW QH] $( + 6 3ROORFN -3 .HOOH\ DQG & ( 7DUZDWHU BRI
IRUPDWLRQ RI PL[HG VSHFLHV IORFNV RI DQW IROORZLQJ ELUGV LQ WKF



ORNVQHV % ( 5°VNDIW $7 %UD / .RUVQHV + 0 /DPSH DQG + & 3t
UHVSRQVHV RI SRWHQWLDO KRVWY WRZDUGY DUWLILFLDO FXFNRR HJJV
6HDO\ 6 * '/ 1HXGRUI .$ +REVRQ DQG 6 $ *LOO I1HVW GHIHQV
KHDGHG &RZELUG ,Q 6, 5RWKVWHLQ DQG 6 . 5RELQVRQ >HGV@ 3DU
FRHYROXWLRQ 2[IRUG 8QLYHUVLW\ 3UHVVY 1HZ <RUN 86$%

6ROHU - - 0 6ROHU 7 3«UH] &RQWUHUDV 6 $UDJuQ DQG $ 3 0°0O0F+
GHIHQVHV QHVW GHIHQVH DQG HJJ UHMHFWLRQ LQ WKH PDJSLH KRVW F

b

JHHQH\ : ( -$ :HOEHUJHQ DQG 1 ( /DQJPRUH 7KH IURQWOLQH R
FRHYROXWLRQ $QLP %HKDY b

YHHQH\ : ( DQG 1 ( /DQJPRUH 6XSHUE IDLU\ ZUHQV O0DOXUXV F\D(
QHVW ZLWK WKH SHUFHLYHG ULVN RI EURRG SDUDVLWLVP $XN b
&DPSREHOOR ' DQG 6 * 6HDO\ 8VH RI VRFLDO RYHU SHUVRQDO LC
DYLDQ EURRG SDUDVLWLVP %HKDY (FRO b

*LOO 6 $ DQG 6 * 6HDO\ )XQFWLRQDO UHIHUHQFH LQ DQ DODUP V
RI \HOORZ ZDUEOHUV GHQRWH EURRG SDUDVLWLF EURZQ KHDGHG FRZEI
*LOO 6 $ DQG 6 * 6HDO\ 7HVWV Rl WZR IXQFWLRQV RI DODUP FDO
GHIHQFH &DQ - =RRO b

/IDZVRQ 6/ -. (QRV 1 & OHQGHV 6% *LOO DQG 0 ( +DXEHU +
DQWL SDUDVLWLF UHIHUHQWLDO DODUP FDOO &RPP %LRO

OLNXOD 3 DQG - +DGUDYD 7 $OEUHFKW DQG 3 7U\MDQRZVNL /D

PXWXDOLVWLF DVVRFLDWLRQV EHWZHHQ $IULFDQ ELUGY DQG KHUELYRL
H

/HKWRQHQ - DQG . -DDWLQHQ 6DIHW\ LQ QXPEHUV WKH GLOXWLF

IDFH RI GDQJHU %HKDY (FRO 6RFLRELRO b

20VHQ 56 3 % +DOH\ ) & '\HU DQG & $GDPL (ISORULQJ WKH HY

YLIJLODQFH DQG IRUDJLQJ LQ JURXS OLYLQJ RUJDQLVPV 3URF 5 6RF

9DORQH 7 - JURP HDYHVGURSSLQJ RQ SHUIRUPDQFH WR FRS\LQJ W

LQIRUPDWLRQ XVH %HKDY (FRO 6RFLRELRO b

BWHSKHQV ': DQG -5 .UHEV JRUDJLQJ 7KHRU\ ORQRJUDSKV LQ 9

8QLYHUVLW\ 3UHVV 1HZ -HUVH\ 86$%

&KDUQRY (/ 2SWLPDO IRUDJLQJ WKH PDUJLQDO YDOXH WKHRUHP

9DORQH 7 *URXS IRUDJLQJ SXEOLF LQIRUPDWLRQ DQG SDWFK HVW

$SOLQ /0 '5 )DULQH - ORUDQG )HUURQ DQG % & B6KHOGRQ 6F

LQ D ZLOG SRSXODWLRQ RI VRQJELUGV 3 5 6RF % b

-RQHV 7 % /0 $SOLQ , 'HYRVW DQG - ORUDQG )HUURQ ,QGLYL

VRFLDO LQIRUPDWLRQ WUDQVPLVVLRQ LQ WKH ZLOG $QLP %HKDY

9DORQH 7 DQG - 7HPSOHWRQ 3XEOLF LQIRUPDWLRQ IRU WKH DV\

SKHQRPHQRQ 3KLORV 7 5 B6RF % b

%DUQDUG & - DQG 50 6LEO\ 3URGXFHUV DQG VFURXQJHUV D JH(

IORFNV RI KRXVH VSDUURZV $QLP %HKDY b

*LUDOGHDX /$ & 6RRV DQG * %HDXFKDPS $ WHVW RI WKH SURC

IORFNV RI VSLFH ILQFKHV /RQFKXUD SXQFWXODWH %HKDY (FRO BRFLR

JHUQEQGH] -XLULFLF ( 6 6LOOHU DQG $ .DFHOQLN JOREN GHQV

H[SHULPHQW ZLWK VWDUOLQJV %HKDY (FRO b

6PLWK -: & : %HQNPDQ DQG . &RIIH\ 7KH XVH DQG PLVXVH RI S

FURVVELOOV %HKDY (FRO b

JLUWK -$ DQG % & 6KHOGRQ DQG '5 )DULQH 3DWKZD\V RI LQIRU

VRQJELUGV IROORZ H[SHULPHQWDOO\ LPSRVHG FKDQJHV LQ VRFLDO IRU

$SOLQ /0 DQG - ORUDQG )HUURQ BWDEOH SURGXFHU VFURXQJHU

OHDUQLQJ VSHHG FRYDU\ ZLWK VFURXQJLQJ EHKDYLRXU 3 5 6RF %

+!P!O!LQHQ / + 5RZODQG - ODSSHV DQG 5 7KRURJRRG &DQ YL

LQIRUPDWLRQ IRU IRUDJLQJ EOXH WLWV" 3HHU - H

6ULGDU + * %HDXFKDPS DQG . 6KDQNHU 'K\ GR ELUGV SDUWLFL

ODUJH VFDOH VIQWKHVLV $QLP %HKDY b

+RJVWDG 2 'LIIHUHQWLDWLRQ RI IRUDJLQJ QLFKH DPRQJ WLWV 3D
[5)

.UDXVH - DQG *' 5X[WRQ DQG 6 .UDXVH 6ZDUP LQWHOOLJHQFH L

(YRO b

JUHHEHUJ 7 6 (SSHUW . B6LHYLQJ DQG -5 /XFDV '"LYHUVLW\ LG

VXFFHVV LQ D QRYHO IHHGHU WHVW LQ D ZLOG VRQJELUG FRPPXQLW\ 6

)DULQH '5 /0 $SOLQ % 6KHOGRQ DQG : +RSSLWW ,QWHUVSHI

WUDQVPLVVLRQ LQ ZLOG VRQJELUGY 3 5 6RF %



+LOOHPDQQ ) () &ROH 6 & .HHQ % & 6KHOGRQ DQG '5 )DULQH
YRFDO LQIRUPDWLRQ DERXW IRRG VXSSRUWV D PRGHO RI VRFLDO DGMX

6X]XNL 7 1 /RQJ GLVWDQFH FDOOLQJ E\ WKH ZLOORZ WLW 3RHFLO|
VSHFLHV IRUDJLQJ IORFNV (WKRORJ\ b
ODKXULQ (- DQG 7 0 )UHHEHUJ &KLFN D GHH FDOO YDULDWLRQ L
IORFNPDWHV WR IRRG %HKDY (FRO 6RFLRELRO b
*X + - &KHQ - + (ZLQJ / ;LDRKX = -LDQJER DQG ( *RRGDOH
YRFDOL]DWLRQV RI ELUGY LQ PDVV IUXLWLQJ WUHHV %HKDY (FRO 6RF
3ROORFN +6 $( ODUW QH] -3 .HOOH\ -0 7RXFKWRQ DQG & ( 7DL
HDYHVGURSSLQJ LQ DQW IROORZLQJ ELUGV RI WKH 1HRWURSLFV LV D O
'DUG 3 DQG $ =DKDYL 7KH LPSRUWDQFH RI FHUWDLQ DVVHPEODJ
YJRRG ILQGLQJé ,ELV b
ORFN ': 7 & /DPH\ DQG ' % $ 7KRPSVRQ )DOVLILDELOLW\ DQG W
2UQLV 6FDQGLQDYLFD b
%LMOHYHOG $, O (JDV -$ YDQ *LOV DQG 7 3LHUVPD %H\RQG
FRPPXQDO URRVWLQJ IRU LQIRUPDWLRQ RQ IRRG SUHGDWRUV WUDYHC
%HDXFKDPS * 7KH HYROXWLRQ RI FRPPXQDO URRVWLQJ LQ ELUGYV
b
+DUHO 5 2 6SLHJHO :0 *HW] DQG 5 1DWKDQ 6RFLDO IRUDJLQ
EHKDYLRXU WHVWLQJ WKH LQIRUPDWLRQ FHQWUH K\SRWKHVLV LQ IUHF
"ULJKW - 5 ( BWRQH DQG 1 %URZQ 1 &RPPXQDO URRVWV DV VWi
&RUYXV FRUD[ - $QLP (FRO b
ORRUH - ( DQG 6ZLW]JHU 3 9 3UHURRVWLQJ DJJUHJDWLRQV LQ WKF
&DQ - =RRO b
BRQHUXG *$ & $ 6PHGVKDXJ DQG 2 %UDWKDQ , JQRUDQW KRRG
PDWHV WR IRRG VXSSRUW IRU WKH LQIRUPDWLRQ FHQWUH K\SRWKHVLV
.RRSV 0 $ 5SHOLDELOLW\ DQG WKH YDOXH RI LQIRUPDWLRQ $QLP ¢
'DUZLQ & 7KH 2ULJLQ RI 6SHFLHV -RKQ OXUUD\ /RQGRQ
*UDQW 5 % DQG 3 5 *UDQW 'KDW 'DUZLQA4V ILQFKHVY FDQ WHDFK X
UHJXODWLRQ RI ELRGLYHUVLW\" %LR6FLHQFH b
JRUVPDQ -7 0% +MHUQTXLVW DQG / *XVWDIVVRQ / (ISHULPHQ\
LQWHUVSHFLILF VRFLDO LQIRUPDWLRQ LQ IRUHVW ELUGV (FRJUDSK\
JRUVPDQ -7 0 % +MHUQTXLVW - 7DLSDOH DQG / *XVWDIVVRQ
TXDOLW)\ IDFLOLWDWLQJ KDELWDW VHOHFWLRQ DQG LQYHVWPHQW %HK
*LO 0$ O/ %DVNHWW DQG 6 - 6FKUHLEHU 6RFLDO LQIRUPDWLR
FRPSHWLQJ VSHFLHV (FRORJ\ H
*RRGDOH ( * %HDXFKDPS 5 ' ODJUDWK - & 1LHK DQG *' 5X[WRQ
WUDQVIHU LQIOXHQFHYV DQLPDO FRPPXQLW\ VWUXFWXUH 7UHQGV (FRO
YOHWFKHU 5 - -U 6RFLDO LQIRUPDWLRQ DQG FRPPXQLW\ G\QDPLF
FXHV IRU PDQDJHPHQW (FRO $SSO b
JRXNROD 2 - -7 B6HSS!QHQ , .UDPV 66 7RUYLQHQ DQG - 7 )RUVPL
QLFKH RYHUODS LQ FRPSHWLQJ VSHFLHV YLD VHOHFWLYH VRFLDO LQIR!
6]\PNRZLDN - 5/ 7KRPVRQ DQG / .XF]\QVNL 'RRG ZDUEOHUV FR
TXDOLW\ FRQVSHFLILFV VXSSRUW IRU WKH WUDGHRIlI EHWZHHQ WKH EH
DYRLGDQFH 2LNRYV b

/IDFN 7KH VLJQLILFDQFH RI FOXWFK VL]JH 3DUW 6RPH LQWHUVSH
BNXWFK $ ) 'R WURSLFDO ELUGV UHDU DV PDQ\ \RXQJ DV WKH\ FDQ
&UHVVZHOO 1RQ OHWKDO HIIHFWV Rl SUHGDWLRQ LQ ELUGV ,EL\
/ILPD 6 / 3UHGDWRUV DQG WKH EUHHGLQJ ELUG EHKDYLRUDO DQG
SUHGDWLRQ %LRO 5HY b

+RXVWRQ $, -0 OF1IDPDUD DQG - 0 & +XWFKLQVRQ *HQHUDO Ul

JDLQLQJ HQHUJ\ DQG DYRLGLQJ SUHGDWLRQ 3KLORV 7 5 6RF %
%RQWHU ' 1 % =XFNHUEHUJ & : 6HGJZLFN DQG : 0 +RFKDFKND
ELUGYV H[SORULQJ WKH SUHGDWLRQPVWDUYDWLRQ WUDGH RII 3 5 6RF

/ILPD 6 / ,QLWLDWLRQ DQG WHUPLQDWLRQ RI GDLO\ IHHGLQJ LQ GD

HQHUJ\ UHVHUYHV 2LNRV b

*RVOHU $ DQG - *UHHQZRRG DQG & 3HUULQV BUHGDWLRQ ULVN I
[5)

*HQWOH /. DQG $ * *RVOHU )DW UHVHUYHV DQG SHUFHLYHG SUH

5 6RF % b

9RHONO % - )LUWK DQG % 6KHOGRQ 1RQOHWKDO SUHGDWRU H|

5HS



JRQWDLQH -7 DQG 7 ( ODUWLQ 3DUHQW ELUGYV DVVHVV QHVW SU
VWUDWHJILHV (FRO /HWW p

=DQHWWH / $) :KLWH 0 & $OOHQ DQG 0 &OLQFK\ 3HUFHLYHG

RIIVSULQJ VRQJELUGY SURGXFH SHU \HDU B6FLHQFH b

2UWHJD & 3 DQG - & 2UWHJID (IITHFWV Rl EURZQ KHDGHG FRZELUG

VSDUURZV LQ 6RXWKZHVW &RORUDGR &RQGRU b

+DXEHU 0 ( +DWFKLQJ DVI\QFKURQ\ QHVWOLQJ FRPSHWLWLRQ DQC

%HKDY (FRO b

+RRYHU - 3 (ISHULPHQWYV DQG REVHUYDWLRQV RI SURWKRQRWDU\

UHVSRQVHV WR EURRG SDUDVLWLVP $QLP %HKDY b

'DYLHV 0 % &XFNRRV &RZELUGV DQG RWKHU &KHDWV $ & % ODFN

+RRYHU -3 DQG 6. 5RELQVRQ SHWDOLDWRU\ PDILD EHKDYLRU E\

DFFHSWDQFH RI SDUDVLWLF HJJV 31$6 b

/ILFKWHQVWHLQ * DQG 6 * 6HDO\ 1HVWOLQJ FRPSHWLWLRQ UDWK

VXFFHVV Rl SDUDVLWLF EURZQ KHDGHG FRZELUG FKLFNV LQ \HOORZ ZD|

SRWKVWHLQ 6 , $ PRGHO V\VWHP IRU FRHYROXWLRQ DYLDQ EURRG
[5)

$QGHUVRQ 0 * & ORVNEW 0 %£Q 7 *ULP 3 &DVVH\ DQG 0 ( +DXEI
UHFRYHUDEOH FRVW RI YLUXOHQFH LQ FKLFNV RI D EURRG SDUDVLWH

7ROYDQHQ - -7 )RUVPDQ DQG 5/ 7KRPVRQ 5HGXFLQJ FXFNRR ¢
FKRLFHV $XN b

([SUVLWR *UDQDGRV ( ' 3DUHMR -* ODUW QH] O 3UHFLRVR 0 OR
+RVW QHVW VLWH FKRLFH GHSHQGV RQ ULVN RI FXFNRR SDUDVLWLVP L
JRUVWPHLHU : DQG , :HLVV $GDSWLYH SODVWLFLW\ LQ QHVW VLV
ULVN 2LNRV b

(JJHUV 6 0 *ULHVVHU 0 1\WWUDQG DQG - (NPDQ 3UHGDWLRQ |
VHOHFWLRQ DQG FOXWFK VL]H LQ WKH 6LEHULDQ MD\ 3 5 6RF %
&KDOIRXQ $' DQG . $ 6FKPLGW $GDSWLYH EUHHGLQJ KDELWDW

[5)
$KROD 03 7 /DDNVRQHQ 7 (HYD DQG ( /HKLNRLQHQ &OLPDWH

UHODWLRQVKLSY EHWZHHQ UHVLGHQW DQG PLJUDWRU\ ELUGV - $QLP

&KDUPDQWLHU $ 5 0OF&OHHU\ /5 &ROH & 3HUULQV / .UXXN DQG
SODVWLFLW\ LQ UHVSRQVH WR FOLPDWH FKDQJH LQ D ZLOG ELUG SRSXC
2XZHKDQG - & %XUJHU DQG & %RWK 6KLIWYV LQ KDWFK GDWHYV
RQWRJIJHQHWLF URXWH WR DGMXVW RIIVSULQJ WLPH VFKHGXOHV WR FOL
6DPSORQLXV -0 DQG/ %DUWRVRYD 0 ' %XUJHVV $ 9 %XVKXHY 7

SKHQRORJLFDO VHQVLWLYLW\ WR FOLPDWH FKDQJH LV KLIJKHU LQ UHVL(

(XURSHDQ FDYLW\ EUHHGHUV *OREDO &KDQJH %LRO b
6DPSORQLXV -0 DQG & %RWK &OLPDWH FKDQJH PD\ DIIHFW IDWD
&XUU %LRO b

-RKQVRQ .0 55 *HUPDLQ & ( 7DUZDWHU -0 5HLG DQG 3 $UFHVH
LQYDVLRQ E\ D QDWLYH FRQWURSKLF FRPSHWLWRU WR DQ LQVXODU EL
'KHDWFURIW ' 0 *DOOHJR $EHQ]D DQG $ 4YDUQVWU, P 6SHFLHV
SDUWLFLSDWLRQ LQ DYLDQ DQWLSUHGDWRU JURXSV %HKDY (FRO
%X[WRQ 9/ :0 B6FKHOVN\ 7 - %RYHV 6 6XPPHUV 3 - :HDWKHUKH!

GURXJKW RQ EURRG SDUDVLWH ERG\ FRQGLWLRQ IROOLFOH GHYHORSP
G\QDPLFV $XN

ODUWLQ . 6 :LOVRQ (& ODF'RQDOG $) &DQILHOG 0O ODUWLQ DQ
ZHDWKHU RQ UHSURGXFWLRQ IRU VIPSDWULF VRQJELUGV LQ DQ DOSLQF
LQIOXHQFH QHVWLQJ VXFFHVV $XN 2UQLWKRO $GY b

6SHUU\ -+ 5* 3HDN '$ &LPSULFK DQG 3 - :HDWKHUKHDG 6QDN
LQ QHVW SUHGDWLRQ ULVN IRU ELUGV - $YLDQ %LRO b
'"H*UHJRULR % $ -' :HVWHUYHOW 3 - :HDWKHUKHDG DQG - + 6SHUU
VKLIWV LQ UDWVQDNH EHKDYLRU DOWHU LQWHQVLW\ DQG WLPLQJ RI DY
9DILGLV -2 5 - )DFH\ ' /HHFK DQG 5 - 7KRPDV 6XSSOHPHQWD
LQFXEDWLRQ EHKDYLRU RI DQ RSHQ QHVWLQJ ZHWODQG VRQJELUG - $
&R[ $: )5 7KRPSVRQ DQG -/ 5HLG\ 7KH HIITHFWV RI WHPSHUDW
ELUGV DQG VQDNHV $XN b

9LWRXVHN 30 + $ ORRQH\ - /XEFKHQFR DQG -0 OHOLOOR +XF
6FLHQFH P

+RHNVWUD -0 70 %RXFKHU 7 + S5LFNHWWV DQG & 5REHUWYV 4

GLVSDULWLHV RI KDELWDW ORVY DQG SURWHFWLRQ (FRO /HWW b



OF.LQQH\ 0 / SUEDQL]DWLRQ DV D PDMRU FDXVH RI ELRWLF KRPRJF
&RQVSHFLILF DQG +HWHURVSHFLILF ,QWHUDFWLRQV
'DUG 03 .: BWRGROD -: :DON 7 - %HQVRQ -/ 'HSSH DQG - ' %!
GLVWULEXWLRQV LQ ,0O0LQRLV 86$% RYHU WKH WK FHQWXU\ ZHUH GULY
&RQGRU 2UQLWKRO $SSO b
6DXHU -5 DQG 6 'URHJH 5HFHQW SRSXODWLRQ WUHQGV RI WKH (
ODF*UHJRU )RUV , / ORUDOHV 3«UH] - 4XHVDGD DQG - ( 6FKRQGXEH
SUHVHQFH Rl +RXVH 6SDUURZV 3DVVHU GRPHVWLFXV DQG 1HRWURSLFI
,QYDVLRQV
BWUXEEH ' DQG ( ODWWK\VHQ (VWDEOLVKPHQW VXFFHVV RI LQYD
(XURSH - %LRJHRJU b
%DNHU 3 - 6 ( ORORQ\ ( 6BWRQH , & &XWKLOO DQG 6 +DUULV
UDQJLQJ SHW FDWV )HOLV FDWXV OLNHO\ WR DIIHFW XUEDQ ELUG SRSX
9DQ +HH]LN < $ 6P\WK $ $GDPV DQG - *RUGRQ 'R GRPHVWLF |
KDUYHVW RQ XUEDQ ELUG SRSXODWLRQV" %LRO &RQVHUY b
IRVV 6 7 :LOO DQG 3 0DUUD 7KH LPSDFW RI IUHH UDQJLQJ GRP
1DW &RPPXQ
%ODQFKHU 3 (VWLPDWHG QXPEHU RI ELUGV NLOOHG E\ KRXVH FDW
(FRO
'RRG : ( DQG 6 0 <H]JHULQLF 6RQJ VSDUURZ OHORVSL]D PHORGLD
b
%D\QH (0 / +DELE DQG 6 %RXWLQ ,PSDFWV Rl FKURQLF DQWKU
RQ DEXQGDQFH RI VRQJELUGYV LQ WKH %RUHDO IRUHVW &RQV %LRO
5HDG - * -RQHV DQG $ 1 5DGIRUG JLWQHVV FRVWV DV ZHOO DV
UHVSRQVHV WR DQWKURSRJHQLF QRLVH %HKDY (FRO b
5RELQVRQ 6. )5 7KRPSVRQ 70 'RQRYDQ '5 :KLWHKHDG DQG - )
IUDJPHQWDWLRQ DQG WKH QHVWLQJ VXFFHVV RI PLJUDWRU\ ELUGV 6FL
BWUDOEHUJ ' ' -RQJVRPMLW & $ +RZHOO 0 $ 6Q\GHU -' $OH[DQG
Rl VSHFLHV ZLWK FOLPDWH GLVUXSWLRQ" $ QR DQDORJ IXWXUH IRU &DC
KWWSV GRL RUJ MRXUQDO SRQH
3ULQF« . DQG % =XFNHUEHUJ &OLPDWH FKDQJH LQ RXU EDFN\DU!{
ELUG FRPPXQLWLHV *OREDO &KDQJH %LRO b
%UHQQDQ /$ DQG : 3 .XYOHVN\ -U 1RUWK $PHULFDQ JUDVVODQG
- :LOGO O0DQDJH b
$QGUHZV -( -' %UDZQ DQG 0 3 :DUG KHQ WR XVH VRFLDO FXH
FUHDWHG JUDVVODQGV &RQGRU b
ODF'RQDOG 6 ( 03 :DUG DQG - + 6SHUU\ O0DQLSXODWLQJ VRFLD
ELUGV RQ D +DZDLLDQ ,VODQG (FRO $SSO H
%RFHWWL &, 'RQQHU 'O DQG + ) OD\ILHOG .LUWODQG&V :DUEC
3 * HG 7KH %LUGV Rl 1IRUWK $PHULFD ,WKDFD 1< &RUQHOO /DE RI
7LQJOH\ 0 : : % ORQDKDQ 65 %HLVVLQJHU DQG & ORULW] %L |
WKURXJK D FHQWXU\ RI FOLPDWH FKDQJH 31$6
BWRGROD .: DQG 0 3 :DUG 7KH HPHUJHQW SURSHUWLHV RI FRQV
DELOLW\ WR WUDFN HQYLURQPHQWDO FKDQJH $P 1DW )
&RRSHU 1: DQG 3 3 0DUUD +LGGHQ /RQJ 'LVWDQFH ORYHPHQWYV |
b
+RZH +) DQG - 6PDOOZRRG (FRORJ\ Rl VHHG GLVSHUVDO $QQX
&KLPHUD & * DQG '5 'UDNH 3DWWHUQV RI VHHG GLVSHUVDO DQG
KDYLQJ RQO\ LQWURGXFHG ELUGV %LRWURSLFD b
ODUNO -6 0 BFKOHXQLQJ 30 )RUJHW 3 -RUGDQR - ( /DPEHU $
WKH HIITHFWV Rl KXPDQ GLVWXUEDQFH RQ VHHG GLVSHUVDO E\ DQLPDOV
7HPSOH 6 $ 30DQW DQLPDO PXWXDOLVP FRHYROXWLRQ ZLWK GRG
[
.LULND -0 1 )DUZLJ DQG . %RKQLQJ *DHVH (IHIHFWV RI ORFDO G
IUXJLYRUHV DQG VHHG UHPRYDO RI D VPDOO VHHGHG DIURWURSLFDO W
':DOWKHU 0 DQG - 3 +XPH (IWLQFW %LUGV RI +DZDL4L OXWXDO 3:
9L]JHQWLQ %XJRQL - & ( 7DUZDWHU -7 )RVWHU '5 'UDNH -0 *Of
BWUXFWXUH VSDWLDO G\QDPLFV DQG VWDELOLW\ RI QRYHO VHHG GLVS
b



6H[XDO 6HOHFWLRQ DQG ODWLQJ 6\VWHPV XQGHU $QW

/ILP 0/0 16 6RGKL DQG -$ (QGOHU - $ &RQVHUYDWLRQ ZLWK
'"HOKH\ . DQG $ 3HWHUYV &RQVHUYDWLRQ LPSOLFDWLRQV RI DQW}#
DQG FDPRXIODJH &RQVHUY %LRO b

$QGHUVVRQ 0 6H[XDO 6HOHFWLRQ 3ULQFHWRQ 8QLYHUVLW\ 3UHVYV
$FKRUQ $ 0 DQG * * 5RVHQWKDO , W4V QRW DERXW KLP PLVPHDYV
75(( b

0D\QDUG 6PLWK - DQG ' +DUSHU $QLPDO 6LJQDOV 2[IRUG 8QLYH
2UWHJID & 3 (IITHFWV Rl QRLVH SROOXWLRQ RQ ELUGV D EULHI UHY
b

6ODEEHNRRUQ + 6RQJV Rl WKH FLW\ QRLVH GHSHQGHQW VSHFWUL
ELUGV $QLP %HKDY b

&DWFKSROH & . DQG 3 - % 60DWHU %LUG 6RQJ %LRORJLFDO 7KH
8QLYHUVLW\ 3UHVV

BWRGGDUG 3. 0' %HHFKHU 6 ( &DPSEHOO DQG & / +RUQLQJ |
VSDUURZ &DQ - =RRO b

%HHFKHU 0' 3. BWRGGDUG (6 &DPSEHOO DQG & / +RUQLQJ !
QHLJKERXULQJ VRQJ VSDUURZV $QLP %HKDY b

7RGW ' DQG 0 1DJXLE 9RFDO LQWHUDFWLRQV LQ ELUGVY WKH XVI
BWXG\ %HKDY b

YRRWH -5 /3 )LW]VLPPRQV ' - OHQQLOO DQG /0 5DWFOLIIH 0

LQWHUDFWLYHO\ DW GDZQ VXSSRUW IRU WKH VRFLDO G\QDPLFV K\SRW|
.HPSHQDHUV % *5 9HUKH\HQ 0 YDQ GHQ %URHEN 7 %XUNH & YI
(IWUD sDLU SDWHUQLW\ UHVXOWYV IURP IHPDOH SUHIHUHQFH IRU KLJK T

2WWHU . % &KUXV]F] DQG / 5DWFOLIIH +RQHVW DGYHUWLVHPHC
%ODFN FDSSHG &KLFNDGHHV 3DUXV DWULFDSLOOXV %HKDY (FRO
'HOOLQJ 33 62 5\WN,QHQ .7 .RLYXOD DQG 0, 2UHOO BRQJ |
VXUYLYDO LQ ZLOORZ WLWV DGYHUWLVHPHQW RI PDOH TXDOLW\" %HKD
OHQQLOO '- /0 5DWFOLIIH DQG 3 7 %RDJ JHPDOH HDYHVGURSS
6FLHQFH
OHQQLOO '- 37 %RDJDQG /0 5DWFOLIIH 7KH UHSURGXFWLYH
FDSSHG FKLFNDGHHV 3RHFLOH DWULFDSLOOXV 1DWXUZLVVHQVFKDIWH
3RHVHO $ 7 'DEHOVWHHQ DQG 6 % 3HGHUVHQ 'DZQ VRQJ RI PD(
FRPSHWLWLYHQHVV LQ PLGPRUQLQJ VLQJLQJ LQWHUDFWLRQV $FWD (W
3RGRV - &RUUHODWHG HYROXWLRQ RI PRUSKRORJ\ DQG YRFDO VLJ
b
%DOOHQWLQH % 7KH DELOLW\ WR SHUIRUP SK\VLFDOO\ FKDOOHQJI
VSDUURZV OHORVSL]D JHRUJLDQD $QLP %HKDY b
IRIXH '0 -$ 6KHSSDUG % :DOWRQ % ( %ULQNPDQ DQG 2 - OHGLQ
SHUIRUPDQFH DW WKH QRWH DQG VRQJ OHYHOV %LRDFRXVWLFV '2,
*UDIHQ $ %LRORJLFDO VLJQDOV DV KDQGLFDSV - 7KHRU %LRO
ODQLFD /7 5 ODLD $ 'LDV - 3RGRV DQG 5 + ODFHGR 9RFDO |
1HRWURSLFDO VRQJELUG %HKDY 3URFHVVHV b
.HPSHQDHUV % *5 9HUKH\HQ DQG $ $ 'KRQGL (IWUDSDLU SDWH
IHPDOH FKRLFH PDOH FKDUDFWHULVWLFV DQG RIIVSULQJ TXDOLW\ %H
OXUSK\ 07 . BH[WRQ $ & 'RODQ DQG /- 5HGPRQG 'DZQ VRQJ |
VLIJQDO RI PDOH TXDOLW\" $QLP %HKDY b
0°00HU $ 3 3DUDVLWH ORDG UHGXFHV VRQJ RXWSXW LQ D SDVVHU
%WLVFKRIl // % 7VFKLUUHQ DQG + 5LFKQHU /RQJ WHUP HIITHFWV
GXUDWLRQ DQG VLQJLQJ VWUDWHJI\ LQ JUHDW WLWV %HKDY (FRO
$ODWDOR 59 & *0O\QQ DQG $ /XQGEHUJ 6LQJLQJ UDWH DQG IHP
H[SHULPHQW $QLP %HKDY b
&XWKLOO , & DQG : $ ODFGRQDOG (ISHULPHQWDO PDQLSXODWLR
%ODFNELUG 7XUGXV PHUXOD %HKDY (FRO 6RFLRELRO b
IXFDV -5 $ B6FKUDHGHU DQG & -DFNVRQ &DUROLQD FKLFNDGHH
YRFDOL]DWLRQ UDWHV HIIHFWV RI ERG\ PDVV DQG IRRG DYDLODELOLW\
7KRPDV 5 - 7KH HIIHFW Rl YDULDELOLW\ LQ WKH IRRG VXSSO\ RQ W

D WHVW RI D VWRFKDVWLF G\QDPLF SURJUDPPLQJ PRGHO $QLP %HKDY



*UDYD 7 $ *UDYD DQG . $ 2WWHU 6XSSOHPHQWDO IHHGLQJ DQG
&RQGRU b

*RGIUH\ -' DQG '0 %U\DQW 6WDWH GHSHQGHQW EHKDYLRXU DQG
VWXG\ RI (XURSHDQ URELQV RQ ZLQWHU WHUULWRULHV - $QLP (FRO
+LOO *( 30 1RODQ DQG $ 0 B6WRHKU 3DLULQJ VXFFHVV UHODW
VIPPHWU\ LQ WKH KRXVH ILQFK WHPSRUDO DQG JHRJUDSKLF FRQVWDQF
+LOO * ( $ 5HG %LUG LQ D %URZQ %DJ 7KH )XQFWLRQ DQG (YROXW
JLQFK 2[IRUG 2[IRUG 8QLYHUVLW\ 3UHVV

+LOO * ( 2UQDPHQWDO WUDLWYV DV LQGLFDWRUV Rl HQYLURQPHQW
7KRPSVRQ & : 1 +LOOJDUWK 0 /HX DQG + ( OF&OXUH +LJK SDL

&DUSRGDFXV PH[LFDQXV LV FRUUHODWHG ZLWK UHGXFHG H[SUHVVLRQ
b

+LO0O * ( DQG 5 ORQWJRPHULH 30XPDJH FRORXU VLJQDOV QXWULYV

6RF /RQG % b

+LOO * ( (QHUJHWLF FRQVWUDLQWY RQ H[SUHVVLRQ RI FDURWHQR
b

'XIYD 5 DQG . $O0ODQGHU ,QWUDVSHFLILF YDULDWLRQ LQ SOXPDJ|

WLW 3DUXV PDMRU )XQFW (FRO b

‘HDYHU 5 - (6% 6DQWRV $ 0 7XFNHU $ ( :LOVRQ DQG * +LOO

WKH OLQN EHWZHHQ IHDWKHU FRORUDWLRQ DQG LQGLYLGXDO TXDOLW\

*DUUDWW 0 DQG 5 & %URRNV 2[LGDWLYH VWUHVV DQG FRQGLWLF

VHHLQJ UHG 3URF 5R\ 6RF /RQG % b

'HDYHU 5 - 5 ( .RFK DQG * ( +LOO 'KDW PDLQWDLQV VLJQDO KR

PDWH FKRLFH" 3KLORV 7UDQV 5 6RF /RQG % %LRO 6FL

H\WWHU $ - DQG * ( +LOO &RQGLWLRQ GHSHQGHQW YDULDWLRQ LC

EDVHG SOXPDJH RUQDPHQW 3URF 5R\ 6RF /RQG %

6LHIIHUPDQ / DQG * ( +LOO WUXFWXUDO DQG PHODQLQ FRORUDW

VXFFHVV LQ PDOH (DVWHUQ %OXHELUGV %HKDY (FRO b

6KDZNH\ 0 ' DQG * ( +LOO 6LJQLILFDQFH RI D EDVDO PHODQLQ OL

VWUXFWXUDO SOXPDJH FRORU HYLGHQFH IURP DQ DPHODQRWLF 6WHOC
p

"KLWH 7 ( BWUXFWXUDO FRORXUV UHIOHFW LQGLYLGXDO TXDOLW\

6LHIIHUPDQ / DQG * ( +LOO (YLGHQFH IRU VH[XDO VHOHFWLRQ R(

(DVWHUQ %OXHELUGV 6LDOLD VLDOLV (YROXWLRQ b

+LOO * ( JHPDOH FKRLFH IRU RUQDPHQWDO FRORXUDWLRQ %LUG &

*XLQGUH 3DUNHU 6 DQG 2 3 /RYH SHYLVLWLQJ WKH FRQGLWLRQ G

$YLDQ %LRO b

5RXOLQ $ &RQGLWLRQ GHSHQGHQFH SOHLRWURS\ DQG WKH KDQGlH

EDVHG FRORXUDWLRQ %LRO 5HY b

*RGIUH\ - 3RWHQWLDO XVH RI HQHUJ\ H[SHQGLWXUH RI LQGLYLGX

6FL &RQVHUY P

2WWHU .$ DQG / 5DWFOLIIH (QOLJKWHQHG GHFLVLRQV IHPDOH ¢
,Q 3. OF*UHJRU HG &RPPXQLFDWLRQ 1HWZRUNV &DPEULGJH ¢

2WWHU .$ + YDQ 2RUW DQG . 7 )RUW +DELWDW TXDOLW\ UHSU

WLWPLFH LQVLJKWY RQ WKH XVH RI KDELWDW PDWUL[HV LQ FRQVHUYD\
%HKDYLRU RI &KLFNDGHHV DQG 7LWPLFH $Q ,QWHJUDWHG $SSURDFK 2
%ORQGHO - DQG 3 & 'LDV 6XPPHUJUHHQQHVYV HYHUJUHHQQHVYV L
EOXH WLWV SS b ,Q 0 $ULDQRXWVRX DQG 5 + *URYHV HGV 30DQ
(FRV\WWHPV 1HWKHUODQGV .OXZHU $FDGHPLF 3XEOLVKHUV

%ORQGHO - 3 & 'LDV 0 ODLVWUH DQG 3 3HUUHW +DELWDW KH
PHGLWHUUDQHDQ EOXH WLWV 3DUXV FDHUXOHXV $XN b
%ORQGHO - 0 ODLVWUH 3 3HUUHW 6 +XUWUH] %RXVVFV DQG 0 0 .
D &RUVLFDQ EOXH WLW SRSXODWLRQ RSWLPDO" 2HFRORJLD b
IDPEUHFKWVY 00 6 &DUR $ &KDUPDQWLHU 1 *URVV 0 - *DODQ ¢
D SUHGLFWRU RI VSDWLDO YDULDWLRQ LQ EOXH WLW UHSURGXFWLYH S
ODQGVFDSH 2HFRORJLD b

JRUW . DQG .$ 2WWHU (IIHFWV Rl KDELWDW GLVWXUEDQFH RQ U
3RHFLOH DWULFDSLOOXV LQ 1RUWKHUQ %ULWLVK &ROXPELD $XN

YDQ 2RUW + . $ 2WWHU . )RUW DQG = OF'RQHOO +DELWDW G
PDOH EODFN FDSSHG FKLFNDGHHV &RQGRU b

2WWHU . $ 6 ( $SWKHUWRQ DQG + YDQ 2RUW YHPDOH IRRG VROLI
GLIIHUHQFHV LQ WKH EODFN FDSSHG FKLFNDGHH $QLPDO %HKDYLRXU



YDQ 2RUW + . $ 2WWHU . J)RUW DQG & , +ROVFKXK +DELWDW 1

VRQJ RXWSXW LQ EODFN FDSSHG FKLFENDGHHV (WKRORJ\ p
2WWHU . DQG / 5DWFOLIIH JHPDOH LQLWLDWHG GLYRUFH LQ D PF
PDOHV RI KLIJKHU TXDOLW\ 3URF 5R\ 6RF /RQG b

5DPVD\ 6 0 . 2WWHU ' - OHQQLOO DQG / 5DWFOLIIH 'LYRUFH

FDSSHG FKLFNDGHHVY 3RHFLOH DWULFDSLOOXYV VHSDUDWH VWUDWHJL
b

&KULVWLH 3 - '- OHQQLOO DQG /0 5DWFOLIIH 3LWFK VKLIWV D
GDZQ FKRUXV RI EODFN FDSSHG FKLFNDGHHV %HKDY (FRO 6RFLRELRO
*UDYD 7 $ *UDYD DQG . $ 2WWHU 9RFDO SHUIRUPDQFH YDULHYV
FKLFNDGHH %HKDYLRXU b

*UDYD 7 $ *UDYD DQG . $ 2WWHU +DELWDW LQGXFHG FKDQJHYV
VRFLDO VWDWXV LQ PDOH FKLFNDGHHV %HKDY (FRO B6RFLRELRO
*XVWDIVVRQ / $ 4YDUQVWU P DQG % B6KHOGRQ 7UDGH RIIV EHW
VH[XDO FKDUDFWHU LQ PDOH FROODUHG IO\FDWFKHUV 1DWXUH b
6KHOGRQ % & DQG + (OOHJUHQ 6H[XDO VHOHFWLRQ UHVXOWLQJ
$QLP %HKDY b

+LOO * ( *HRJUDSKLF YDULDWLRQ LQ WKH FDURWHQRLG SOXPDJH ¢
&DUSRGDFXV PH[LFDQXV %LRO - /LQQ 6RF b

(QGOHU - $ DQG 0 7KHU\ ,QWHUDFWLQJ HIIHFWV Rl OHN SODFHPF
SDWWHUQV LQ WKUHH QHRWURSLFDO IRUHVW GZHOOLQJ ELUGV $P 1DV
$QFL¥HV 0 DQG 5 2 3UXP ODQDNLQ GLVSOD\ DQG YLVLWLQJ EHKD
$QLP %HKDY b

*DVWRQ . - - %HQQLH 7 : 'DYLHV DQG - +RSNLQV 7KH HFRORJL
D PHFKDQLVWLF DSSUDLVDO %LRO 5HY %LRO 3URF &DPE 3KLORYV
%HQQHWW $ 7' , & &XWKLOO - & 3DUWULGJH DQG . /XQDX 80
SUHIHUHQFHV LQ VWDUOLQJV 31$6 b

'X%D\ 6 * DQG & & )XOGQHU %LUG VSHFLPHQV WUDFN \HDUV R
HQYLURQPHQWDO SROLF\ 31$6 b

*ULJJLR O / 6HUUD DQG $ 3LODVWUR 7KH SRVVLEOH HIIHFW RI
SOXPDJH ,WDO - =RRO b

&KDPEHUODLQ '( $5 &DQQRQ 03 7RPV ', /HHFK % - +DWFKZHOC
SURGXFWLYLW\ LQ XUEDQ ODQGVFDSHV D UHYLHZ DQG PHWD DQDO\VLV
%ODLU 5 % /DQG XVH DQG DYLDQ VSHFLHV GLYHUVLW\ DORQJ DQ X
%DLOO\ - 5 B6FKHLIOHU 6 %HUWKH 9 $ &O«PHQW 'HPDQJH 0 /HEC

JURP HJJV WR IOHGJLQJ QHJDWLYH LPSDFW RI XUEDQ KDELWDW RQ UHS
b

OH\ULHU ( / -HQQL < % WVFK 6 B6WUHEHO % (UQH DQG = 7DEOD

IRRG UHVRXUFHV OLPLW UHSURGXFWLYH RXWSXW LQ :HVWHUQ -DFNGDZ

6HUHVYVY * DQG $ /LNHU +DELWDW XUEDQL]DWLRQ DQG LWV HIIHF\V
b

,VDNVVRQ & ,PSDFW RI S8UEDQL]DWLRQ RQ %LUGV SS p ,Q

/LIH 6FLHQFHYV 6SULQJHU &KDP

3ROORFN & - 3 &DSLOOD /IDVKHUDV 5%$5 0F*LOO % +HOP DQG 'O

DQG VWDEOH LVRWRSH GDWD UHYHDO DOWHUHG GLHW OLQNHG WR ORZ
FDHUXOHXV BFL 5HS

(HQV 0 5 3LQ[WHQ 5 ) 9HUKH\HQ 5 %OXVW DQG / %HUYRHWYV
KHDY\ PHWDO FRQWDPLQDWLRQ LQ WHUUHVWULDO HFRV\VWHPV (FRWR]
'DXZH 7 ( -DQVVHQV DQG 0 (HQV (IITHFWV RI KHDY\ PHWDO H[SR
DGXOW JUHDW WLWV 3DUXV PDMRU (QYLURQ 3ROOXW P
6QRHLMV 7 7 'DXZH 5 3LQ[WHQ ) 9DQGHVDQGH DQG 0 (HQV
KXPRUDO LPPXQH UHVSRQVH LQ D IUHH OLYLQJ VPDOO VRQJELUG WKH .

b

*RULVVHQ / 7 B6QRHLMV (9 'X\VH DQG 0 (HQV +HDY\ PHWDO S
EHKDYLRXU LQ D VPDOO SDVVHULQH ELUG 2HFRORJLD b

'H/HRQ 6 5 +DOLWVFKNH 56 +DPHV $ .HVVOHU 7 - 'H9RRJG DQG
SRO\FKORULQDWHG ELSKHQ\OV RQ WKH VRQJ RI WZR SDVVHULQH VSHFL
+DOOLQJHU .. '- =DEUDQVN\ . $ .D]JPHU DQG '$ &ULVWRO % L
SROOXWHG DQG UHIHUHQFH VLWHV $XN b

*UHHQH 9 : -3 6ZDGGOH '/ ORVHOH\ DQG '$ &ULVWRO $WWU
QRW DIIHFWHG E\ H{SRVXUH WR DQ HQYLURQPHQWDO VWUHVVRU GLHWI
(QJ 0/ 9 :LQWHU - ( (OOLRWW 6 $ ODF'RXJDOO 6KDFNOHWRQ DQG

WR HQYLURQPHQWDOO\ UHOHYDQW FRQFHQWUDWLRQV RI D EURPLQDWH



QXFOHL LQ D VRQJELUG 'HY 1HXURELRO b

*HHQV $ 7 'DXZH DQG 0 (HQV 'RHV DQWKURSRJHQLF PHWDO SR

DQWLR[LGDWLYH FDSDFLW\ DQG SK\VLRORJLFDO FRQGLWLRQ RI JUHDW
b

3«<UH] & , 0XQLOOD 0 /RSH[ $ORQVR DQG $ 9HODQGR 6XEOHW
RLO VSLOO DUH PLUURUHG LQ VH[XDO VLJQDOV %LRO /HWW b
*UXQVW 0/ $6 *UXQVW 5 3LQ[WHQ / %HUYRHWV DQG 0 (HQV
SOXPDJH FRORUDWLRQ LV QHJDWLYHO\ UHODWHG WR PHWDO H[SRVXUH
(QYLURQ 3ROOXW

:KLWH $ ( DQG '$ &ULVWRO 30XPDJH FRORUDWLRQ LQ EHOWHG N
FROQWDPLQDWHG ULYHU :DWHUELUGYV =)
+-UDN 3 + 9HOODX , 2WV DQG $ 3 0°0OO0OHU *URZWK FRQGLWLR

FRORUDWLRQRI JUHDW WLW QHVWOLQJV 1DWXUZLVVHQVFKDIWHQ
%LDUG & ) %ULVFKRX[ $ OHLOO2UH % OLFKDXG 0 1LYL3UH 6 5;
XUEDQ SHQDOW\ IRU ZLOG ELUGV" $ VWXG\ RI SKHQRW\SLF GLIITHUHQFH\
PDMRU )URQW (FRO (YRO
*LUDXGHDX 0 0 % 7RRPH\ 3 +XWWRQ DQG .- OF*UDZ ([SUHV VL
GHSHQGHQW FDURWHQRLG EDVHG FRORU LQ DQ XUEDQL]JLQJ FRQWH[W
-RQHV 7 $ 5RGHZDOG DQG ' B6KXVWDFN 9DULDWLRQ LQ SOXPDJt
XUEDQL]LQJ ODQGVFDSHV :LOVRQ - 2UQLWKRO =
5RGHZDOG $ DQG 3 $UFHVH SHSURGXFWLYH FRQWULEXWLRQV RI
UHOD[HG VHOHFWLRQ LQ XUEDQ ODQGVFDSHV )URQW (FRO (YRO
%DG\DHY $9 5/ <RXQJ .3 2K DQG & $GGLVRQ (YROXWLRQ RC
IXQFWLRQDO DQG JHQHWLF EDVHV Rl GLYHUJHQFH LQ ELOO IRUP DQG L
DGMDFHQW KDELWDWV (YROXWLRQ b
-RE -5 6/ .RKOHUDQG 6 $ *LOO 6RQJ DGMXVWPHQWYV E\ DQ RS
XUEDQ VWUXFWXUH DQG YHJHWDWLRQ %HKDY (FRO b
*UDEDUF]\N (( 0$ 3LSNLQ O - 9RQKRI DQG 6 $ *LOO KHQ WR |
SDLUHG PDOH KRXVH ZUHQV UHVSRQG GLIIHUHQWO\ WR DQWKURSRJHQL
1DUDQJR '/ DQG $' 5RGHZDOG SUEDQ DVVRFLDWHG GULYHUV RI
JUDGLHQW %HKDY (FRO b
IXWKHU ' - 3KLOOLSV DQG ( 'HUU\EHUU\ 1RW VR VH[\ LQ WKH Fl
FRPSURPLVH YRFDO SHUIRUPDQFH %HKDY (FRO b
'"HUU\EHUU\ (3 50 'DQQHU - ( 'DQQHU * ( 'HUU\EHUU\ -1 3KLOO
3DWWHUQV RI VRQJ DFURVYV QDWXUDO DQG DQWKURSRJHQLF VRXQGVFD
PLQLPL]H DFRXVWLF PDVNLQJ DQG PD[LPL]JH VLIQDO FRQWHQW 3/R6 2Q
ODUNPDQ 6 6 /HLWQHU & &DWFKSROH 6 %DUQVOH\ & 7 0%OOHU
3ROOXWDQWYV LQFUHDVH VRQJ FRPSOH[LW\ DQG WKH YROXPH RI WKH EU
.HPSHQDHUV % 3 %RUJVWU,P 3 /R-V ( B6FKOLFKW DQG 0 9DOFX
VRQJ H[WUD SDLU VLULQJ VXFFHVV DQG OD\ GDWH LQ VRQJELUGV &XU\
ODULQL . /' O0: 5HXGLQN 6 ( /D=HUWH DQG . $ 2WWHU SUEDQ
JDPEHOL EHJLQ YRFDOL]LQJ HDUOLHU DQG KDYH JUHDWHU GDZQ FKRU
b

opuLQL . /' . $ 2WWHU 6 ( /ID=HUWH DQG 0 : 5HXGLQN S8UEDQ
HDUOLHU FOXWFKHVY DQG IDVWHU QHVWOLQJ IHDWKHU JURZWK FRPSDUF
ODU[ 9 :KDW PDNHV ELUGY DQG EDWYV WKH WDON RI WKH WRZQ 1D\
ODUVKDOO $ - %RZHU %LUGV 7KHLU 'LVSOD\V DQG %UHHGLQJ &\FO
+XQWHU & 3 DQG 3 ' 'Z\HU 7KH YDOXH RI REMHFWV WR 6DWLQ %R
(PX =)

5RVHQWKDO ** DQG ' 6WXDUW )R] (QYLURQPHQWDO GLVWXUEDQ|

,Q 8 &DQGROLQ DQG % :RQJ HGV %HKDYLRXUDO 5HVSRQVHV WR D &k
&RQVHTXHQFHV 2[IRUG 8QLYHUVLW\ 3UHVV 2[IRUG 8.

6HUJLR ) - %ODV * %ODQFR / /pSH] -$ /HPXV DQG ) +LUDOGR
UHOLDEOH WKUHDW DJDLQVW FRQVSHFLILFV 6FLHQFH b
%OLFNOH\ -/ .5 :RUG $ + .UDNDXHU -/ 3KLOOLSV 61 6HOOV
FKURQLF QRLVH LV UHODWHG WR HOHYDWHG IHFDO FRUWLFRVWHURLG F
&HQWURFHUXV XURSKDVLDQXV 3/R6 2QH H

+HVV - ( DQG -/ %HFN 'LVWXUEDQFH IDFWRUV LQIOXHQFLQJ JUH]
FHQWUDO :\RPLQJ - :LOGO ODQDJH b

_.RXIIHOG 0 - 0% /DUVRQ DQG 5 - *XWL«UUH] BHOHFWLRQ RI OD
SHDN DEXQGDQFH - :LOGO ODQDJH b

+RYLFN 7 - ' . 'DKOJUHQ 0 3DSHV 5 ' (OPRUH DQG - 3LWPDQ

OHN VLWH VXLWDELOLW\ WR LQIRUP FRQVHUYDWLRQ DFWLRQV 3/R6 2Qt



:LQGHU 9/ $ - *UHIJRU\ / % OF1HZ DQG % . 6DQGHUFRFN 5HVS

FKLFNHQV WR ZLQG HQHUJ\ GHYHORSPHQW &RQGRU b

.RNNR + DQG ' - 5DQNLQ JRQHO\ KHDUWV RU VH[ LQ WKH FLW\" 'H

VIVWHPV 3KLORV 7UDQV 5 B6RF /RQG % b

.RNNR + : - BXWKHUODQG - /LQGVWU, P -' 5H\QROGV DQG $ ODF.}

OHN VWDELOLW\ DQG WKH QHJOHFWHG OLPLWDWLRQV Rl VWDWLVWLFD(

3HWULH 0 ,PSURYHG JURZWK DQG VXUYLYDO RI RIIVSULQJ RI SHDF
[5)

3HWULH 0 + 7LP DQG 6 &DURO\Q 3HDKHQV SUHIHU SHDFRFNV Z
b

+XWFKLQVRQ -0 ,V PRUH FKRLFH DOZD\V GHVLUDEOH" (YLGHQFH D

DQG HQYLURQPHQWDO HQULFKPHQW %LRO 5HY b

5LQWDPDNL 37 59 $ODWDOR - +.,JOXQG DQG $ /XQGEHUJ 0D ¢«

EODFN JURXVH OHNV $QLP %HKDY b

-RKQVWRQH 5% DQG ' - (DUQ ,PSHUIHFW IHPDOH FKRLFH DQG PD:

%HKDY (FRO BRFLRELRO b

‘"HVWQHDW ') DQG 3 : 6KHUPDQ '"HQVLW\ DQG H[WUD SDLU IHUWL

%HKDY (FRO B6RFLRELRO b

3HWULH 0 DQG % .HPSHQDHUYV (IWUD SDLU SDWHUQLW\ LQ ELUGV

SRSXODWLRQV 7UHQGV (FRO (YRO b

5\GHU 7 % 5 & )OHLVFKHU :* B6KULYHU DQG 3 3 0DUUD 7KH HF

GHQVLW\ GHSHQGHQW VH[XDO VHOHFWLRQ LQ D PLJUDWRU\ VRQJELUG

6WHZDUW 6 /0 ') :HVWQHDW DQG * 5LWFKLVRQ (IWUD SDLU SD

PDQLSXODWHG GHQVLW\ DQG QDWXUDO SDWWHUQV RI EUHHGLQJ V\QFK!I

&KDUPDQWLHU $ DQG 3 3HUUHWW ODQLSXODWLRQ RI QHVW ERJ[ C

SRSXODWLRQ RI EOXH WLWV 3DUXV FDHUXOHXV %HKDY (FRO 6RFLRE

OF.HOODU $ ( 33 0ODUUD 37 %RDJDQG /0 5DWFOLIIH YRUP I

GHSHQGHQFH LQ D ORQJ GLVWDQFH PLJUDWRU\ ELUG 2LNRYV b

OD\HU & DQG * 3DVLQHOOL 1HZ VXSSRUW IRU DQ ROG K\SRWKHVL

(YRO b

9DQ :LMN 6 $ %RXUUHW 0 %«OLVOH ' *DUDQW DQG ) 3HOOHWLHU

GLUHFWLRQDOLW\ RQ PDOH WUHH VZDOORZVA4 UHSURGXFWLYH VXFFHVV

6RFLRELRO b

JRUW . DQG . $ 2WWHU 7HUULWRULDO EUHDNGRZQ RI EODFN FDS

GLVWXUEHG KDELWDWV" $QLP %HKDY b

5RVHQIHOG 51 6 $ B6RQVWKDJHQ : ( 6WRXW DQG 6/ 7DOERW

DQ XUEDQ SRSXODWLRQ Rl &RRSHU&V KDZNV - )LHOG 2UQLWK b

6PLWK 6 % - ( OF.D\ 07 OXUSK\DQG '$ 'XIILHOG 6SDWLDO SD

VSRWWHG WRZKHHV 3LSLOR PDFXODWXV LQ XUEDQ SDUNV - $YLDQ %LF

%RQGHUXG (6 .$ 2WWHU 70 %XUJ . /' ODULQL DQG 0 : 5HXGLQ?

LQ WKH PRXQWDLQ FKLFNDGHH (WKRORJ\ b

5RGULJXH] ODUW QH] 6 0 &DUUHWH 6 5RTXHV 1 5HEROR ,IUEQ DQ
GHQVLWLHYVY GR QRW GLVUXSW JHQHWLF PRQRJDP\ LQ D ELUG VSHFLHYV

<HK 3 - 5DSLG HYROXWLRQ RI D VH[XDOO\ VHOHFWHG WUDLW IROO

(YROXWLRQ b

3ULFH 7' 3 - <HK DQG % +DUU 3KHQRW\SLF SODVWLFLW\ DQG V

IROORZLQJ FRORQL]DWLRQ RI D QRYHO HQYLURQPHQW $P 1DW 6 b

7KRPSVRQ .$ 0 5HQDXGLQ DQG 0 7 - -RKQVRQ SUEDQL]DWLRQ ¢

SODQW SRSXODWLRQV 3URF 5 B6RF % %LRO 6FL KWWSV ¢

=DQHWWH / 0 &OLQFK\ DQG 6XQJ +D &KHRO JRRG VXSSOHPHQWL

UHSHUWRLUH VL]JH 3UR 5 6RF % b

6FKODHSIHU 0$ 0 & 5XQJH DQG 3 : 6KHUPDQ (FRORJLFDO DQG
b

5RGHZDOG $' '3 B6KXVWDFN DQG 7 0 -RQHV "\QDPLF VHOHFWLY

LQ KXPDQ GRPLQDWHG ODQGVFDSHV (FRORJ\ b

'"HUU\EHUU\ (3 -1 3KLOOLSV * ( 'HUU\EHUU\ 0 - %OXP DQG ' /XW|

%LUGY UHVSRQG WR D KDOI FHQWXU\ VRXQGVFDSH UHYHUVLRQ GXULQJ
VFLHQFH DEG



6RFLDOLW\ DQG $QWLSUHGDWRU %HKDYLRU

'HVW 6 $ $6 *ULIILQ DQG $ *DUGQHU (YROXWLRQDU\ ([SODQD

5 P5

'DZNLQV 5 7KH 6HOILVK *HQH 2[IRUG 8QLYHUVLW\ 3UHVV

'"ULFNDPHU / & 6 + 9HVVH\ DQG ' OHLNOH $QLPDO EHKDYLRU OF

‘P & %URZQ 3XEOLVKHUYV

'DQJ & DQG ; /X +DPLOWRQ&V LQFOXVLYH ILWQHVV PDLQWDLQV K

F 3URF 1DWO $FDG 6FL 86$% b

'XQQ 32 $ &RFNEXUQ DQG 5$ OXOGHU )DLU\ ZUHQ KHOSHUV RI

XQUHODWHG 3URF 5 6RF /RQ % %LRO 6FL b

(OJDU 0 $ +RXVH VSDUURZV HVWDEOLVK IRUDJLQJ IORFNV E\ JLYLC

$QLP %HKDY b

%URZQ & 5 (QKDQFHG IRUDJLQJ HIILFLHQF\ WKURXJK LQIRUPDWLRZC

VZDOORZV (FRORJ\ b

$[HOURG 5 DQG :' +DPLOWRQ 7KH HYROXWLRQ Rl FRRSHUDWLRQ

2UU 05 -' 1HOVRQ DQG - : :DWVRQ +HWHURVSHFLILF LQIRUPD\

EHWZHHQ FRUYLGY DQG UDSWRUV $QLP %HKDY b

0DODYDVL 5 DQG $ )DULQD 1HLJKERXUVA WDON LQWHUVSHFLILF
b

$OH[DQGHU 5 7KH (YROXWLRQ RI 6RFLDO %HKDYLRU $QQX 5HY |

&DUWHU * 7KH UHFLSURFLW\ FRQWURYHUV\ $QLPDO %HKDYLRXU D

.UDPV , 7 .UDPD . ,JDXQH DQG 5 0!QG (ISHULPHQWDO HYLGHC

IO\FDWFKHU %HKDY (FRO B6RFLRELRO b

.UDPD 7 - 9UXEOHYVND 7 0 )UHHEHUJ & .XOOEHUJ 0 - 5DQWDOD

PRE \RXUV ELUGV SOD\ WLW IRU WDW JDPH 6FL 5HS

.UDPV , DQG 7 .UDPD ,QWHUVSHFLILF UHFLSURFLW\ H[SODLQV PR

JULQJLOOD FRHOHEV 3URF 5 6RF /RQG % %LRO G6FL b

JRVWHU .5 7 :HQVHOHHUV DQG )/ : 5DWQLHNV .LQ VHOHFWLRC

[

7ZULYHUV 5 / 7KH HYROXWLRQ Rl UHFLSURFDO DOWUXLVP 4 5HY %

*UHHQ -3 53 J)UHFNOHWRQ DQG % - +DWFKZHOO 9DULDWLRQ L

ELUG VSHFLHV LV FRQVLVWHQW ZLWK +DPLOWRQAV 5XOH 1DW &RPPXQ

‘RROIHQGHQ * ( DQG - : )LW]SDWULFN 7KH )JORULGD 6FUXE -D\ 'H

%LUG 3ULQFHWRQ 8QLYHUVLW\ 3UHVYV

&R[ -$ DQG */ 60DWHU &RRSHUDWLYH EUHHGLQJ LQ WKH EURZQ

b

&R[ -$ - $ &XVLFN DQG ( + 'X9DO ODQLSXODWHG VH[ UDWLRV D

WKH EURZQ KHDGHG QXWKDWFK %HKDY (FRO b

5LFKDUGVRQ '6 7 %XUNH DQG - .RPGHXU "LUHFW EHQHILWV DQ

FRRSHUDWLYH EUHHGLQJ LQ 6H\FKHOOHV ZDUEOHUV (YROXWLRQ

+DPPHUV 0 6 $ .LQJPD [/ * 6SXUJLQ . %HEELQJWRQ + / 'XJGDOH

5LFKDUGVRQ %UHHGHUV WKDW UHFHLYH KHOS DJH PRUH VORZO\ L

'X9DO ( + $GDSWLYH DGYDQWDJHV Rl FRRSHUDWLYH FRXUWVKLS IF

$P 1DW b

0D\QDUG 6PLWK - 7KH WKHRU\ Rl JDPHV DQG WKH HYROXWLRQ RI D

$\DOD ) - DQG & $ &DPSEHOO JUHTXHQF\ GHSHQGHQW VHOHFWLR

OHQJLHV , - DQG . & %XUQV YRRG KRDUGLQJ LQ WKH 1HZ =HDODQ
b ,Q ($ :HEHU DQG / + .UDXVH HGV $QLPDO %HKDYLRXU 1HZ 5F

3XEOLVKHUYV

YDQ +RULN - DQG . & %XUQV &DFKH VSDFLQJ SDWWHUQV DQG UH

$QLP %HKDY b

'"HQN $ * $ +RO]JPDQQ $ 3HWHUV (/0 9HUPHLUVVHQ DQG % .HPSH
HITHFWV RI VSHUP TXDOLW\ DQG IHPDOH VSHUP VHOHFWLRQ IRU LQEUHF

/°YOLH + 0$) *LOOLQJIKDP . RUOH\ 7 3L]]DUL DQG '6 5LFKDUGYV
VSHUP I[URP PDMRU KLVWRFRPSDWLELOLW\ FRPSOH[ GLVVLPLODU PDOH)\
3DUHMR ' DQG - 0 $YLO«V 'R DYLDQ EURRG SDUDVLWHYVY HDYHVGU

UHYHDOLQJ KRVW TXDOLW\" $ UHYLHZ RI WKH HYLGHQFH $QLP &RJQ



6FDUGDPDJOLD 5 & 9 ' J)LRULQL $ .DFHOQLN DQG - & 5HERUHGD
SURVSHFWLQJ YLVLWYV E\ SDUDVLWLF FRZELUGVY %HKDY (FRO 6RFLREL
SLHURWWL 5 6SLWH DQG DOWUXLVP LQ JXOOV $P 1DW [
ORNVQHV $ ( 5°VNDIW DQG $QGHUV 7 %UDD 5HMHFWLRQ EHKDY
DUWLILFLDO EURRG SDUDVLWH HJJV $XN =)

&DPSREHOOR ' DQG 6 * 6HDO\ (YROXWLRQDU\ VLIQLILFDQFH RI D
SKHQRW\SHV RI DYLDQ QHVW GHIHQFH 6FL 5HS

5REHUW 0 * BRUFL $ 3 OROOHU O0 ( +RFKEHUJ $ 3RPLDQNRZVNL
DQG WKH HYROXWLRQ RI KRVW UHVLVWDQFH WR EURRG SDUDVLWHV $Q

6ROHU 0 -- 6ROHU -* ODUWLQH] DQG $ 3 0 /OHU O0DJSLH KRV

FXFNRRV HYLGHQFH IRU DQ DYLDQ PDILD" (YROXWLRQ b

&RFENEXUQ $ BUHYDOHQFH RI GLIIHUHQW PRGHV Rl SDUHQWDO FDU

OF*RZDQ .- DQG * ( :RROIHQGHQ $ VHQWLQHO V\VWHP LQ WKH )O
[

*RZDW\ 3 $ %DWWOHV RI WKH VH[HV DQG RULJLQV RI PRQRJDP\ 3D

+DVVHOTXLVW 6RFLDO PDWLQJ VI\VWHPV DQG H[WUDSDLU IHUWLO
[5)

%\HUV % ( +/ OD\WV , 5. 6WHZDUW DQG ') :HVWQHDW (IWUDSI

ODOH 5HSURGXFWLYH 6XFFHVV LQ WKH &KHVWQXW 6LGHG :DUEOHU 'HQ
6RQJELUG $XN b
ODVHOOR -) $ 6UDPNRYD 3 4XLOOIHOGW -7 (SSOHQ DQG 7 /XEM

SDUURWY &\DQROLVHXV SDWDJRQXV" - $YLDQ %LRO =]

2ZHQV , 3 ODOH RQO\ FDUH DQG FODVVLFDO SRO\DQGU\ LQ ELUGV

UHPDWLQJ RSSRUWXQLWLHY 3KLORV 7UDQV 5 6RF /RQG % %LRO 6F

ILNHU $ 53 J)UHFNOHWRQ DQG 7 6]J«NHO\ 'LYRUFH DQG LQILGHC

UDWLRYV LQ ELUGY &XUU %LRO p

%DWHPDQ $ - ,QWUD VH[XDO VHOHFWLRQ LQ '"URVRSKLOD +HUHGL\

:LOH\ 5 + /HNNLQJ LQ ELUGY DQG PDPPDOV EHKDYLRUDO DQG HYR
b

7TK«U\ O 7KH HYROXWLRQ RI OHNV WKURXJK IHPDOH FKRLFH GLIIHL

VI\PSDWULF PDQDNLQV %HKDY (FRO G6RFLRELRO =}

$QGHUVVRQ 6 6H[XDO VHOHFWLRQ DQG FXHV IRU IHPDOH FKRLFH L

MDFNVRQL %HKDY (FRO 6RFLRELRO p

6XWKHUODQG : - 6FLHQFH VH[ DQG WKH NDNDSR 1DWXUH

6WLOHV ) * DQG // :ROI (FRORJ\ DQG HYROXWLRQ RI OHN PDWLQ

KXPPLQJELUG 2UQLWKRO ORQRJU =]

JHUQEQGH] -XULFLF ( O0' *DOO 7 'RODQ 9 7LVGDOH DQG *5 0ODUW
IRUDJLQJ ELUGV +RXVH JLQFKHV DQG +RXVH 6SDUURZV DOORZ IRU VLP
YLILODQFH ,ELV b

6HDUF\ : $ DQG . <DVXNDZD (DYHVGURSSLQJ DQG FXH GHQLDO L«
b

$PR / 0 ( 9LVVHU DQG . YDQ 2HUYV 6PHOOLQJ 2XW 3UHGDWRUYV |

BNXWFK $ ) &OXWFK 6L]H 1HVWLQJ 6XFFHVV DQG 3UHGDWLRQ RQ 1

2UQLWKRO ORQRJU b

+XPSKUH\V 5. DQG * ' 5X[WRQ $YLDQ GLVWUDFWLRQ GLVSOD\V I

ORUWRQ ( 6 3UHGDWLRQ DQG YDULDWLRQ LQ EUHHGLQJ KDELWDW

EUHHGLQJ KDELWDW VHOHFWLRQ LQ QRUWKZHVWHUQ 3HQQV\OYDQLD :L

ILPD 6 / 3UHGDWRUV DQG WKH EUHHGLQJ ELUG EHKDYLRUDO DQG

SUHGDWLRQ %LRO 5HY &DPE 3KLORV B6RF b

7KLROOD\ - 0 DQG 0 -XOOLHQ JORFNLQJ EHKDYLRXU RI IRUDJLQJ

DQWLSUHGDWRU GHIHQFH K\SRWKHVLV ,ELV b

6ULGKDU + * %HDXFKDPS DQG . 6KDQNHU 'K\ GR ELUGV SDUWLI

$ ODUJH VFDOH VI\QWKHVLV $QLP %HKDY b

$ORQVR - & -0 fOYDUH] ODUW QH] DQG & 3DODF Q JHNV LQ JUF

SODFHV" %HKDY (FRO b

7UDLO 3 : 3UHGDWLRQ DQG DQWLSUHGDWRU EHKDYLRU DW *XLDQD

*LEVRQ 50 $6 $VSEXU\DQG // OF'DQLHO $FWLYH IRUPDWLRQ

SUHGDWLRQ LQ OHN HYROXWLRQ" 3URF %LRO 6FL b

5SDWWHQERUJ 1 & 6/ /LPD DQG & - $PODQHU Y)DFXOWDWLYH FRC

WKH ULVN Rl SUHGDWLRQ %HKDY %UDLQ 5HV b

-HQQLQJV 7 DQG 6 0 (YDQV ,QIOXHQFH RI SRVLWLRQ LQ WKH IOR

BWXUQXV YXOJDULV $QLP %HKDY p



:LOH\ 5 + &RRSHUDWLYH UROHV LQ PL[HG IORFNV RI DQWZUHQV )R

'RRGODQG '- = -DDIDUDQG 0/ .QLJKW 7KH ¢SXUVXLW GHWHUU
b

ODJUDWK 5 ' DQG 7 + %HQQHWW $ PLFUR JHRJUDSK\ Rl IHDU OHLE

QHLJKERXULQJ KHWHURVSHFLILFV 3URF %LRO 6FL b

6X]XNL 7 1 3DUHQWDO DODUP FDOOV ZDUQ QHVWOLQJV DERXW GLI

3LFPDQ - 0 /HRQDUG DQG $ +RUQ $QWLSUHGDWLRQ UROH RI FC

EODFNELUGV %HKDY (FRO 6RFLRELRO b

*XQQ -6 $ 'HVURFKHUV 0 $ 9LOODUG - %RXUTXH DQG -DFTXHV ,E

FDOOV RI EODFN FDSSHG FKLFNDGHHYV DV D PHWKRG WR HVWLPDWH UH S
[5)

+XUG & 5 ,QWHUVSHFLILF DWWUDFWLRQ WR WKH PREELQJ FDOOV R

%HKDY (FRO BRFLRELRO b

7HPSOHWRQ & 1 ( *UHHQH DQG . 'DYLV $OORPHWU\ RI DODUP F

LQIRUPDWLRQ DERXW SUHGDWRU VL]H 6FLHQFH b

7HPSOHWRQ & 1 DQG ( *UHHQH IXWKDWFKHV HDYHVGURS RQ YDL

PREELQJ DODUP FDOOV 3URF 1DWO $FDG 6FL 86% b

3HQQLVL ( JLQFKHV DGDSW UDSLGO\ WR QHZ KRPHV B6FLHQFH

LWK . $ +RZ IDVW GR PLJUDWRU\ VRQJELUGV KDYH WR DGDSW WR

ODQGVFDSHV" /IDQGVF (FRO P

OF'HUPRWW 0 ( $' 5RGHZDOG DQG 6 1 ODWWKHZV 0DQDJLQJ WL

IORFNLQJ PLJUDWRU\ ELUGV $JURIRU 6\VW b

&RNHU '5 DQG ' ( &DSHQ /IDQGVFDSH OHYHO KDELWDW XVH E\ %L

'LOGO ODQDJH b

OD\ILHOG + 7KH %URZQ KHDGHG &RZELUG ZLWK ROG DQG QHZ KRV

&DUUROO 6 3 DQG & : )R] &RQVHUYDWLRQ %LRORJ\ (YROXWLRQ |

*UDQW 35 DQG % 5 *UDQW 3KHQRW\SLF DQG JHQHWLF HIIHFWV R

(YROXWLRQ b

2WWHQEXUJKY - 5 & <GHQEHUJ 3 9DQ +RRIW 6 ( 9DQ :LHUHQ DQG

SURMHFW JDWKHULQJ WKH VFLHQWLILF OLWHUDWXUH RQ DYLDQ K\EULC

5K\PHU - 0 (IWLQFWLRQ E\ K\EULGL]DWLRQ DQG LQWURJUHVVLRQ

*XD\ 3 - DQG -3 7UDFH\ YHUDO PDOODUGY D ULVN IRU K\EULGLV

$XVWUDOLD" 7KH 9LFWRULDQ 1DWXUDOLVW b

+HXVPDQQ + : 0DOODUG EODFN GXFN UHODWLRQVKLSY LQ WKH 1RL

6LPEHUORII ' +\EULGL]DWLRQ EHWZHHQ QDWLYH DQG LQWURGXFHG

:LOGO %LRO b

2RIMHV * (WKLFDO DVSHFWV DQG GLOHPPDV RI IHUWLOLW\ FRQWU

SHUVSHFWLYH 5HSURG )HUWLO 'HY b

&DGH 7 - +\EULGL]DWLRQ DQG JHQH H[FKDQJH DPRQJ ELUGV LQ UH

& 0 6FKRQHZDOG &R[ 6 0 &KDPEHUV % ODF%U\GH DQG :/ 7KRPDV H
%HQMDPLQ &XPPLQV 3XEOLVKLQJ &RPSDQ\ ,QF OHQOR 3DUN &DOLIRUQ

7D\ORU 3 ' DQG 0 $ .UDZFKXN 6FDOH DQG VHQVLWLYLW\ RI VRQJE
KDUYHVWHG ERUHDO IRUHVW $YLDQ &RQVHUY (FRO

&RYDV 5 & 'RXWUHODQW DQG 0 $ GX 30HVVLV ([SHULPHQWDO F
FRQGLWLRQV DQG WKH GHFLVLRQ WR EUHHG RU WR KHOS LQ D FRORQLEL
&KDSSOH ' * 6 0 6LPPRQGY DQG % % 0 :RQJ &DQ EHKDYLRUDO LC
VXFFHVV RI XQLQWHQWLRQDO VSHFLHY LOQWURGXFWLRQV" 7TUHQGV (FRO
<DbS & $0 DQG 1 6 6RGKL 6RXWKHDVW $VLDQ LQYDVLYH ELUGV H
2UQLWKRO 6FL p

TRZQVHQG -0 & & 5LPPHU DQG . 3 OF)DUODQG ,QYHVWLIDWLQJ

YXOQHUDEOH VSHFLHV %LFNQHOOAV 7KUXVK ,Q 7XQGUD WR 7URSLFV

3URFHHGLQJV RI WKH WK ,QWHUQDWLRQDO 3DUWQHUV LQ )OLJKW &RQI

$UDYLQG 1$ ' 5DR .1 *DQHVKDLDK 5 8PD 6KDDQNHU DQG - * 3RX

SODQW /DQWDQD FDPDUD RQ ELUG DVVHPEODJHV DW 0DO« ODKDGHVKZ
6 =

6FKPLGW . $ DQG & - :KHODQ (IIHFWV RI H[RWLF /RQLFHUD DQG 5

&RQV %LRO b

+DELE / (0 %D\QH DQG 6 %RXWLQ &KURQLF LQGXVWULDO QRLV

RI RYHQELUGV 6HLXUXV DXURFDSLOOD - $SSO (FRO b

7HPSOHWRQ & 1 6 $% =ROOLQJHU DQG + %UXPP 7UDIILF QRLVH G
5 b5

+DOIZHUN : 6 %RW - %XLN[ O YDQ GHU 9HOGH - .RPGHXU & WI

IUHTXHQF\ VRQJV ORVH WKHLU SRWHQF\ LQ QRLV\ XUEDQ FRQGLWLRQV



ORVHOH\ "/ *( '"HUU\EHUU\ -1 3KLOOLSV - ( 'DQQHU 5 0 'DQQHU
$FRXVWLF DGDSWDWLRQ WR FLW\ QRLVH WKURXJK YRFDO OHDUQLQ.

JUDQFLV & & 3 2UWHJD DQG $ &UX] 1RLVH SROOXWLRQ FKDQJ

LQWHUDFWLRQV &XUU %LRO b

BURSSH ' 6 07 $YH\ O +RHVFKHOH O . ORVFLFNL 7 5D & & 6W ¢

FDSSHG FKLFNDGHHY 3RHFLOH DWULFDSLOOXV VLQJ DW KLJKHU SLWFKF

GHFUHDVLQJ FDQRS\ FRYHU - $YLDQ %LRO b

6ODEEHNRRUQ + DQG : +DOIZHUN %HKDYLRXUDO HFRORJ\ QRLVF
5 P5

BURSSH '6 & % 6WXUG\ DQG & & 6W &ODLU $QWKURSRJIHQLF QF
DQG PD\ FRQWULEXWH WR KRPRJHQL]DWLRQ *ORE &KDQJ %LRO |
JUDQFLV &' 1 - .OHLVW % - 'DYLGVRQ & 3 2UWHJD DQG $ &UX]
WZR VRQJELUGV WR QDWXUDO JDV ZHOO FRPSUHVVRU QRLVH 2UQLWKR
6ODEEHNRRUQ + DQG ( $3 5LSPHHVWHU %LUGVRQJ DQG DQWKUR
DSSOLFDWLRQV IRU FRQVHUYDWLRQ ORO (FRO b

YDQ 'RUHQ % 0 DQG . * +RUWRQ $ 0 'RNWHU + .OLQFN 6 % (OELQ
XUEDQ OLJKW LQVWDOODWLRQ GUDPDWLFDOO\ DOWHUYVY QRFWXUQDO EL
6FLHQFHYV =)

'H&DQGLGR 5 DQG ' $0OOHQ 1RFWXUQDO KXQWLQJ E\ SHUHJULQH
<RUN &LW\ :LOVRQ - 2UQLWKRO b

%XFKDQDQ - % 6 * +HUPDQ DQG 7 0 -RKQVRQ 6XFFHVV UDWHV F
SHUHJULQXV KXQWLQJ GXQOLQ &DOLGULV DOSLQD GXULQJ ZLQWHU -
%XFKDQDQ - % $ FRPSDULVRQ RI EHKDYLRU DQG VXFFHVV UDWHV F
KXQWLQJ 'XQOLQV LQ WZR FRDVWDO KDELWDWV - 5DSWRU 5HV b

SREELQV &6 -5 6DXHU 56 *UHHQEHUJ DQG 6 'URHJH 3RSXOL
WKDW PLJUDWH WR WKH QHRWURSLFV 3URFHHGLQJV RI WKH 1DWLRQDO
1RUWK $PHULFDQ %LUG &RQVHUYDWLRQ ,QLWLDWLYH 7KH 6WDWH

&OLPDWH &KDQJH &DQDGD 2WWDZD
$GDPV & $ $ %OXPHQWKDO ( )JHUQEQGH] -XULFLF ( %D\QH DQG & ¢
DQWKURSRJHQLF OLJKW RQ ELUG PRYHPHQW KDELWDW VHOHFWLRQ DC
(QYLURQPHQWDO (YLGHQFH b

*HKULQJ - 3 .HUOLQJHU DQG $ 0 ODQYLOOH ,L &RPPXQLFDWLRQ
PHWKRGV Rl UHGXFLQJ WKH IUHTXHQF\ RI DYLDQ FROOLVLRQV (FRORJL
*ROOHU % % ) %ODFNZHOO 7/ 'H9DXOW 3 ( %DXPKDUGW DQG ( )t
DYRLGDQFH RI KLJK FRQWUDVW OLJKWV XVLQJ D FKRLFH WHVW DSSURD
PRUWDOLW\ 3HHU - H

JHGHUDO $YLDWLRQ $GPLQLVWUDWLRQ )DFW 6KHHW b 7KH J)HGHUD
D]DUG OLWLJDWLRQ 3URJUDP
JHGHUDO $YLDWLRQ $GPLQLVWUDWLRQ $GYLVRU\ &LUFXODU |
OXKHLP 5 - % 3KLOOLSV DQG 6 $NHVVRQ 3RODUL]JHG OLJKW FXt
VRQJELUGV 6FLHQFH P
$ULJRQD 5HYLVHG 6WDWXWHV 7LWOH 7KH (QYLURQPHQW &KDSW
&RORUDGR 5HYLVHG 6WDWXWHYV 7LWOH *RYHUQPHQW 6WDWH 6
2XWGRRU /LIKWLQJ JLIWXUHV i b '"HILQLWLRQV &RORUDGR 5HY
OHLHU - '"HVLJQDWLQJ GDUN VN\ DUHDV DFWRUV DQG LQWHUHVWYV
.UDXVH DQG 0 3RWWKDUVW HGV B8UEDQ /LJKWLQJ /LIJKW 3ROOXWLRQ
*RRGDOH ( 3 'LQJ ; /LX $ ODUW QH] ; 6L 0 :DOWHUV DQG 6 . &

PL[HG VSHFLHVY ELUG IORFNV DQG WKHLU UHVSRQVH WR DQWKURSRJHQ
$YLDQ 5HVHDUEFK

:KLWHKHDG + &RQVHUYLQJ DQG PDQDJLQJ DQLPDOV WKDW OHDUQ
b

:LOOLDPV % . DQG (' %URZQ $GDSWLYH PDQDJHPHQW IURP PRU]I
b

3% 6WDFH\ DQG - ' /LJRQ 7THUULWRU\ TXDOLW\ DQG GLVSHUVDO F

FKDOOHQJH WR WKH KDELWDW VDWXUDWLRQ PRGHO RI FRRSHUDWLYH E

+DDV 6 ( -$ &R] -9 6PLWK DQG 57 .LPEDOO &RRSHUDWLYHO!'

6LWWD SXVLOOD 6RXWKHDVW 1DW p

7XPXOW\ - 3 '"HDU HQHP\ HIIHFW SS p ,Q - 9RQN DQG 7 6KDFNF

&RJQLWLRQ DQG %HKDYLRU 6SULQJHU ,QWHUQDWLRQDO 3XEOLVKLQJ
%HQQHWW 9% 9 $- 'RHUU (' 'RHUU $' ODQQLQJ ' % /LQGHQPD\
VHOHFWLRQ DQG SRVW UHOHDVH PRYHPHQW RI UHLQWURGXFHG EURZQ
ZRRGODQG 3/R6 2QH H



%XUJHU & DQG & %RWK 7UDQVORFDWLRQ DV D QRYHO DSSURDFK
UHSURGXFWLYH RXWSXW LQ ZLOG ELUGV 3/R6 2QH H

+DKQ O : OROHFXODU 3RSXODWLRQ *HQHWLFV 2[IRUG 8QLYHUVLW\
$QWKRQ\ // DQG '7 %OXPVWHLQ ,QWHJUDWLQJ EHKDYLRXU LQW|
EHKDYLRXU FDQ UHGXFH 1H %LRO &RQVHUY b

IRWW ') ,QWUDVSHFLILF 9DULDWLRQ LQ WKH 6RFLDO 6\VWHPV RI
'DYLHV 1 % 'XQQRFN %HKDYLRXU DQG 6RFLDO (YROXWLRQ 2[IRUG
%OXPVWHLQ ' 7 YHPDOH SUHIHUHQFHY DQG HIIHFWLYH SRSXODWLR
6FKORVVEHUJ 65 DQG 0 3 :DUG 8VLQJ FRQVSHFLILF DWWUDFWLR
(QGDQJHUHG 6SHFLHYV 8SGDWH b

5HHG -0 DQG $ 3 'REVRQ %HKDYLRXUDO FRQVWUDLQWY DQG FRQ
DQG UHFUXLWPHQW 7UHQGV (FRO (YRO b

%HUJHU 7DO 2 7 3RODN $ 2URQ < /XELQ % 3 .RWOHU DQG ' 6DC
FRQVHUYDWLRQ ELRORJ\ D FRQFHSWXDO IUDPHZRUN %HKDY (FRO

%OXPVWHLQ ' 7 '"HYHORSLQJ DQ HYROXWLRQDU\ HFRORJ\ RI IHDU |
DIITHFW GLVWXUEDQFH WROHUDQFH LQ ELUGV $QLP %HKDY p
6QLMGHUV [/ (3 YDQ 5RRLM -0 %XUW & $ +LQGH . YDQ 2HUV DQ

WHUULWRULDO JUHDW WLWV VORZ H[SORUHUV KDYH WKH OHDVW FHQW

+DOOZRUWK 07 76 6LOOHWW 6/ 9DQ :LOJHQEXUJ .$ +REVRQ DQ
RI D 1IHRWURSLFDO PLJUDWRU\ VRQJELUG UHYHDOHG E\ DUFKLYDO OLJK

%RQWHU "1 DQG (6 %ULGJH $SSOLFDWLRQV RI UDGLR IUHTXHQF
UHVHDUFK D UHYLHZ 5)," $SSOLFDWLRQV LQ 2UQLWKRORJ\ - )LHOG 2U
7D\ORU 3" 7/ &UHZH 6 $ ODFNHQ]JLH ' /HSDJH < $XEU\ = &U\V(

7UDFNLQJ 6\VWHP D FROODERUDWLYH UHVHDUFK QHWZRUN WR HQKDQF

*LOO /) 3 % 'a4$PHOLR 1 0 $GUHDQL + 6DJXQVN\ 0 & *DKU DQG $
IOH[LEOH WRRO WR VWXG\ YRFDO FRPPXQLFDWLRQ RI VPDOO DQLPDOV :
(FRO (YRO b

6WRZHOO ' ( %HQHWRV DQG /) *LOO 2Q ELUG VRXQG UHFRUGL(
DFWLYLWLHY DQG FRQWH[WV ,((( $&0 7TUDQVDFWLRQV RQ $XGLR 6SHHF
OHQQLOO '- 0 %DWWLVWRQ '5 :LOVRQ -5 )RRWH DQG 6 0 'RXFH
SRUWDEOH ZLUHOHVV PLFURSKRQH DUUD\ IRU VSDWLDO PRQLWRULQJ R
SRUWDEOH ZLUHOHVV PLFURSKRQH DUUD\ OHWKRGV (FRO (YRO b

9DQGHUELOW & & -3 .HOOH\ DQG ( + 'X9DO 9DULDWLRQ LQ WKE
VXJJHVWV VHOHFWLRQ RQ GXDO PDOH SKHQRW\SHV LQ D OHNNLQJ ELUG
3RSH 7/ 7 - &RQNOLQJ .1 6PLWK 05 &ROpQ O/ ORUULVRQ DQG
EHKDYLRU DQG QHVW VLWH FKDUDFWHULVWLFV RQ EODFN FDSSHG YLUH

2SWLPL]LQJ DQG &RPSHWLQJ IRU 5HVRXUFHYV

5HPVHQ -9 DQG 6 . 5RELQVRQ $ FODVVLILFDWLRQ VFKHPH IRU IR
KDELWDWV 6WXGLHV LQ $YLDQ %LRORJ\ b

3ULFH 05 DQG : . +D\HV 'LYHUVH KDELWDW XVH GXULQJ WZR OLI
%DKDPD 2ULROH ,FWHUXV QRUWKURSL FRPPXQLW\ VWUXFWXUH IRUD.
ORUDQ $- 6 :- 3URVVHU DQG -$ ORUDQ '1$ PHWDEDUFRGLQJ D
DUWKURSRG SUH\ SURYLVLRQHG WR QHVWOLQJ 5XIRXV KXPPLQJELUGV
+DUW 1 6 7KH YLVXDO HFRORJ\ RI DYLDQ SKRWRUHFHSWRUV 3URJ
&KXUFK 6 & $6 OHUULVRQ DQG 7 0 &KDPEHUODLQ $YLDQ XOWU
VHHG SUHIHUHQFHV - ([S %LRO 3w =

7RRPH\ 0 % DQG .- OF*UDZ 7KH HIIHFWV Rl GLHWDU\ FDURWHQRL
FDURWHQRLG DFFXPXODWLRQ RQ YLVLRQ PHGLDWHG IRUDJLQJ LQ WKH |
JHUQEQGH] -XULFLF ( 3 ( %DXPKDUGW /3 7\UUHOO $ (OPRUH 6 7
LQ DQ DEXQGDQW 1RUWK $PHULFDQ ELUG 7KH 5HG ZLQJHG %ODFNELUG

7\UUHOO [/ 3 / % 7HL[HLUD 55 'XELHO]JLJ ' 3LWD 3 %DXPKDUGW
VWUXFWXUH LQ WKH UHWLQD RI LQVHFWLYRURXVY ELUGV 6FL 5HS
.,SSO & $YLDQ KHDULQJ SS b ,Q & * 6FDQHV HG 6WXUNLHa

OFOLOODQ 1 07 $YH\ // %ORRPILHOG /0 *XLOOHWWH $ + +DKQ
SHUFHSWLRQ ELRDFRXVWLFV DQG SHUFHSWXDO PHFKDQLVPV SS b
&RIJQLWLRQ &DPEULGJH 8QLYHUVLW)\ 3UHVV

6FKQ\GHU +$ ' 9DQGHUHOVW 6 %DUWHQVWHLQ 8 )LU]ODII DQG +
IRU VRXQG ORFDOL]DWLRQ LQ HOHYDWLRQ 3/R6 2QH H



ORQWJRPHULH 5 DQG 3 - :HDWKHUKHDG +RZ URELQV ILQG ZRUPV
3ROORFN +6 $ ( ODUW QH] -3 .HOOH\ -0 7RXFKWRQ DQG & ( 7DL
HDYHVGURSSLQJ LQ DQW IROORZLQJ ELUGV RI WKH 1HRWURSLFV LV D O

+HLQULFK % DQG - 0 ODUJOXII 'R FRPPRQ UDYHQV \HOO EHFDXVH
5XEHQH ' 0 /HLGHIRUV 9 1LQNRYLF 6 (JJHUV DQG 0 /RZ "LVE
LQIRUPDWLRQ XVHG E\ ILHOG IRUDJLQJ ELUGV (FRO (YRO b
5XEHQH ' 0 /HLGHIRUV 9 1LQNRYLF 6 (JJHUV DQG 0 /RZ "LVE
LQIRUPDWLRQ XVHG E\ ILHOG IRUDJLQJ ELUGV (FRO (YRO b
$PR / -- -DQVHQ 10 YDQ 'DP 0 'LFNH DQG 0 ( 9LVVHU %L UG
YRODWLOHV WR ORFDWH KHUELYRURXV SUH\ (FRO /HWW b
%XLWURQ ' DQG */ 1XHFKWHUOHLQ (ISHULPHQWV RQ ROIDFWRU\
PDJSLHV &RQGRU b
ODVRQ -5 DQG * /LQ] 5HSHOOHQF\ Rl JDUOLF H[WUDFW WR (XURS
1IDNDPXUD . DQG + <RNR\DPD 7KH RGRU RI S GLFKORUREHQ]HQH
WKHLU IRRG VLWHV -DSDQHVH - 2UQLWKRO b
$YHU\ 0/ 3 1RO DQG - 6 +XPSKUH\ 5HVSRQVHV RI WKUHH VSHFI
SKRVPHW WUHDWHG IRRG 3HVWLF 6FL b
.UDXVH (7 - .DEEHUW DQG % $ &DVSHUV ([SORULQJ WKH XVH R
JHEUD ILQFKHV 7DHQLRS\JLD JXWWDWD SS b ,Q % B6FKXOWH 7
6LJQDOV LQ 9HUWHEUDWHYV 6SULQJHU &KDP
&XQQLQJKDP 6 - 05 $OOH\ DQG , &DVWUR )DFLDO EULVWOH I[HI
=HDODQG ELUGV LPSOLFDWLRQV IRU IXQFWLRQ - ORUSKRO b
‘"HUQHU 6 - DQG ) ' 3URYHQ]D SHFRQFLOLQJ VHQVRU\ FXHV DQG Y
UHSHOOHQWY 3K\VLRO %HKDY b
7KRUG ) 6 -DNREVVRQ 3 -RKDQVVRQ & .XOOEHUJ - /LQG DQG $
H[WHQVLYH UHIXHOOLQJ 1DWXUH b
7KDODX 3 ( +ROWNDPS 5, W]OHU * )OHLVVQHU DQG : :LOWVFKNR
GRPHVWLFD FDQ XVH PDJQHWLF FXHV IRU ORFDWLQJ IRRG 1DWXUZLVV
&DVWD3R 9LOOD *- 5 B6DQWLVWHEDQ $UHQDV DQG + $ -DUDPLOOR
LQVHFWLYRURXV ELUGY OHDG WR GLVVLPLODU FRPPXQLWLHV LQ FRQWL
OF&DEH % - DQG & * *XJOLHOPR OLJUDWLRQ WDNHV H[WUD JXWYV
GLJHVWLYH SK\WLRORJ\ GXULQJ WKH ILUVW MRXUQH\ JURQW (FRO (YR
ODF$SUWKXU 5 + 3RSXODWLRQ HFRORJ\ Rl VRPH ZDUEOHUV RI QRUW
[5)
&RUUHLD - DQG 6/ +DONLQ 3RWHQWLDO ZLQWHU QLFKH SDUWLW
ELFRORU DQG %ODFN FDSSHG &KLFNDGHHV 3RHFLOH DWULFDSLOOXV
SHPH#RYE ( % ODW\VLRNRYE / 7XUIRNRYE 5XEL£IRYE£ DQG 9 5HPH#
VRQJELUGV LQ ZRRGODQGY DQG IRUHVWV LQ HDVWHUQ $XVWUDOLD UH’
2UQLWKRO b
ODQVRU 06 DQG 5 5DPOL YRUDJLQJ QLFKH VHJUHJDWLRQ LQ 0DO
3/R6 2QH H
77HEELFK 6 0 7DERUVN\ % )HVVO DQG ' %ORPTYLVW 'R ZRRG
VRFLDO OHDUQLQJ" 3URF 5 6RF % %LRO 6FL b
6W &ODLU - - % & .OXPS 6 6XJDVDZD & * +LJJRWW 1 &ROHJIUDY?
ERRVWV IRUDJLQJ HIILFLHQF\ LQ WRRO XVLQJ FURZV 1DW (FRO (YRO
.QZDUG % & 5XW] $$ :HLU DQG $ .DFHOQLN 'HYHORSPHQW RI
LQKHULWHG DFWLRQ SDWWHUQV DQG VRFLDO LQIOXHQFHV $QLP %HKD
.HQZDUG % $$ :HLU & 5XW] DQG $ .DFHOQLN 7RRO PDQXIDFW
[5)
6FRWW . S5RELQVRQ DQG 5LFKDUG 7 +ROPHV YRUDJLQJ EHKDYLRU
VHDUFK WDFWLFV GLHW DQG KDELWDW VWUXFWXUH (FRORJ\ E
)DULQH '5 /0 $SOLQ % & B6KHOGRQ DQG : +RSSLWW ,QWHUVS
LQIRUPDWLRQ WUDQVPLVVLRQ LQ ZLOG VRQJELUGV 3URF 5 6RF % %L
ORUDQG )HUURQ - DQG -/ 4XLQQ /DUJHU JURXSV Rl SDVVHULQHYV
ZLOG 3URF 1DWO $FDG 6FL 86$% b
%DUX]]JL & '3 &KDQFH -5 OF&ROOXP * 0 6WUHHW & %URRNVKLU
FOHDQHUV RU XQVROLFLWHG YLVLWRUV (DVWHUQ SKRHEHV XVH ZKLWH
%URRP 0 DQG *' 5X[WRQ (YROXWLRQDULO\ VWDEOH VWHDOLQJ .
%HKDY (FRO b
JORZHU 7 3 DQG 0O *ULEEOH .OHSWRSDUDVLWLVP E\ DWWDFNV YH
$QLP %HKDY b



(POHQ -0 7KH UROH RI WLPH DQG HQHUJ\ LQ IRRG SUHIHUHQFH $F

BWHSKHQV ': -6 %URZQ DQG 5 & <GHQEHUJ JRUDJLQJ %HKDYL
3UHVV
OHLUH 3 0 DQG $ (UY\QFN $UH R\WWHUFDWFKHUV +DHPDWRSXV R
PXVVHOV O\WLOXV HGXOLV " $QLP %HKDY P
+LOOHPDQQ ) 7 %XJQ\DU . .RWUVFKDO DQG & $ :DVFKHU :DLV
UHVSRQG WR TXDOLW\ LQ WZR GHOD\ PDLQWHQDQFH WDVNV $QLP %HK
.UHEV - 5 6RQJ DQG WHUULWRU\ LQ WKH JUHDW WLW 3DUXV PDMRU
HGV (YROXWLRQDU\ (FRORJ\ ODFPLOODQ (GXFDWLRQ 8. /RQGRQ
&KDUQRY ( / 2SWLPDO IRUDJLQJ WKH PDUJLQDO YDOXH WKHRUHP
%URZQ - 6 3DWFK XVH DV DQ LQGLFDWRU RI KDELWDW SUHIHUHQF!
6RFLRELRO b
%URZQ -6 % 3 .RWOHU DQG : $ OLWFKHOO &RPSHWLWLRQ EHW:
JLYLQJ XS GHQVLWLHVY EHWZHHQ FUHVWHG ODUNV DQG JHUELOV (YRO
JHH < ) < 0 .XR DQG (. %ROOLQJHU (IHHFWV RI IHHGLQJ KHLJK
WKH IRUDJLQJ EHKDYLRU RI ZLQWHULQJ ELUGY &DQ - =RRO p
.DFHOQLN $ &HQWUDO SODFH IRUDJLQJ LQ VWDUOLQJV BWXUQXV "
b
*RVOLQJ 6 ' YJURP PLFH WR PHQ ZKDW FDQ ZH OHDUQ DERXW SHUV
% X0 O b
YDQ 2YHUYHOG 7 DQG ( ODWWK\VHQ 3HUVRQDOLW\ SUHGLFWV VS
UDQJLQJ JUHDW WLWV 3DUXV PDMRU %LRO /HWW b
=DQGEHUJ / -/ 4XLQQ 0 1DJXLE DQG . 9DQ 2HUV 3HUVRQDOL\
VROYLQJ SHUIRUPDQFH LQ D VRFLDO FRQWH[W UHIOHFW IRUDJLQJ VWUL
OLQGHUPDQ - -0 5HLG 0 +XJKHV 0 - 'HQQ\ 6 +RJJ 3 * (YDQV

H[SORUDWLRQ DQG KRPH UDQJH VL]H LQ VWDUOLQJV 6WXUQXV YXOJDUL

ODURQH / 0 20PHGR '< 9DOG«V $ =DUFR -/ GH &DVHQDYH DQG

VHHG HDWLQJ ELUGY ZLQWHULQJ LQ JUDJHG KDELWDWYV RI WKH FHQWUD

7TLQEHUJHQ / 7KH QDWXUDO FRQWURO RI LQVHFWY LQ SLQHZRRGYV
b

'XNDV 5 DQG $ & .DPLO /LPLWHG DWWHQWLRQ WKH FRQVWUDLQV
[5)

5LFH $0 1 9DOOLQ . .XOPD + $UQWVHQ $ +XVE\ 0 7REOHU H

EHWZHHQ RIIVSULQJ QXPEHU DQG TXDOLW\ LQ XQSUHGLFWDEOH HQYLUF

WUDQVIHU WR FROODUHG IO\FDWFKHU HJJV +RUP %HKDY b

(NPDQ - DQG % 5RVDQGHU 6XUYLYDO HQKDQFHPHQW WKURXJK IR

QDWDO GLVSHUVDO 7KHRU 3RSXO %LRO P

&DUR 60 $6 *ULIILQ & $ +LQGH DQG 6 $ :HVW 8QSUHGLFWDE

SDUHQWDO QHJOHFW LQ ELUGV 1DW &RPPXQ

SREHUWV 5 & 7KH HYROXWLRQ RI DYLDQ IRRG VWRULQJ EHKDYLRU

%HGQHNRII 3 $ DQG 53 %DOGD 2EVHUYDWLRQDO VSDWLDO PHPR

$QLP %HKDY b

%XUQHOO ./ DQG ') 7RPEDFN BWHOOHUAV MD\V VWHDO JUD\ MD\

$XN b

'DOO\ -0 16 &0OD\WRQ DQG 1 - (PHU\ 7KH EHKDYLRXU DQG HYR

SLOIHUDJH $QLP %HKDY b

'DOO\ -0 1- (PHU\DQG 1 6 &OD\WRQ $YLDQ WKHRU\ RI PLQG D

ZHVWHUQ VFUXE MD\V $SKHORFRPD FDOLIRUQLFD (XU - 'HY 3V\FKRO

3UDYRVXGRY 9 9 DQG 7 & 5RWK ,, &RJIQLWLYH HFRORJ\ Rl IRRG K

DQG WKH KLSSRFDPSXV $QQX 5HY (FRO (YRO 6\VW b

9DQ +RULN - DQG . & %XUQV &DFKH VSDFLQJ SDWWHUQV DQG UH

$QLP %HKDY b

'DDQ 6 & 'LMNVWUD 5 'UHQW DQG OHLMHU JRRG VXSSO\ DQG V

3URFHHGLQJV RI WKH ,QWHUQDWLRQDO 2UQLWKRORJLFDO &RQJUHVV 9]

2WWDZD

'LWKJRWW - /DVW \HDU&V IRRG JXLGHV WKLV \HDU4V EURRG 6FLH(

'DKGXO : 0 DQG 0 + +RUQ (QHUJ\ DOORFDWLRQ DQG SRVWQDWDO

(OHJDQV FKLFNV UHVSRQVHV WR KLJK YHUVXV ORZ HQHUJ\ GLHWV $X1H

2U RZVNL * $ :XF]\ VNL - .DUJ DQG : *U]JHVLDN 7KH VLJQLILFD

GHYHORSPHQW UH HYDOXDWHG E\ WUDFNLQJ GD\ WR GD\ GLHWDU\ YDUL

JELV b

OF:LOOLDPV 65 & *XJOLHOPR % 3LHUFH DQG 0 .ODDVVHQ )O\

PLJUDWLRQ D QXWULWLRQDO DQG SK\VLRORJLFDO HFRORJ\ SHUVSHFWL



ODLOOHW ' DQG - 0 :HEHU BHUIRUPDQFH HQKDQFLQJ UROH RI GL

VKRUHELUG WKH VHPLSDOPDWHG VDQGSLSHU - ([S %LRO 3W

3LHUFH % - DQG 6 5 OF:LOOLDPYV 'LHW TXDOLW\ DQG IRRG OLPLW

FRPSRVLWLRQ DQG GLJHVWLYH RUJDQV LQ D PLIJUDWRU\ VRQJELUG =RC
b

%DLUOHLQ ) 7KH HIIHFW Rl GLHW FRPSRVLWLRQ RQ PLJUDWRU\ IXF
%LRO b
3HWLW 0O 6 &ODYLMR %DTXHW DQG ) 9«]LQD ,QFUHDVLQJ ZLQW!t
LQWUDZLQWHU VXUYLYDO LQ VPDOO ELUGV 3K\WLRO %LRFKHP =RRO
/LPD 6 / 3UHGDWLRQ ULVN DQG XQSUHGLFWDEOH IHHGLQJ FRQGLW
(FRORJ\ b
5RJHUV & 0 7HVWLQJ RSWLPDO ERG\ PDVV WKHRU\ HYLGHQFH IRU
b
.R]JORYVN\ '< ($ :HLVVJHUEHU DQG 9 9 3UDYRVXGRY :KDW PDN
PRXQWDLQ FKLFNDGHHV VXFFHVVIXO FLW\ VOLFNHUV" 3URF %LRO 6FL
/JLX = & +H < =KRX DQG - :X +RZ PXFK Rl WKH ZRUOGA4V ODQG
KLHUDUFKLFDO IUDPHZRUN IRU DYRLGLQJ FRQIXVLRQ /DQGVF (FRO
&LDFK 0 DQG $ )U KOLFK +DELWDW W\SH IRRG UHVRXUFHV QRL\
FRPSRVLWLRQ DEXQGDQFH DQG VWDELOLW\ RI D ZLQWHU ELUG DVVHPE
b
ODUJOXII -0 'RUOGZLGH XUEDQL]DWLRQ DQG LWV HIIHFWV RQ ELUC
DQG 5 'RQQHOO\ HGV $YLDQ (FRORJ\ DQG &RQVHUYDWLRQ LQ DQ 8U
2UWHJID & 3 (IITHFWV Rl QRLVH SROOXWLRQ RQ ELUGV D EULHI UHY
[

BHFEN + / + ( 3ULQJOH + + ODUVKDOO , 3 2ZHQV DQG $ 0 /RUG
RI DQ LQYDVLYH SDUDNHHW RQ IRUDJLQJ EHKDYLRU RI QDWLYH ELUGYV

5LFNHWWV 7 + 7KH PDWUL[ PDWWHUV HIIHFWLYH LVRODWLRQ LQ I
7UHPEOD\ 0 $ DQG & & 6W &ODLU SHUPHDELOLW\ RI D KHWHURJF
RI IRUHVW VRQJELUGY VRQJELUG PRYHPHQWYV LQ XUEDQ ODQGVFDSHYV

O9LVVFKHU ' 5 $ 8QJHU + *UREEHODDU DQG 3 ' '"H:LWW %LUG 1]
FRQQHFWLYLW\ LQ XUEDQ SDUNV - 8UEDQ (FRO p

OF,QW\UH 1 ( (FRORJ\ RI XUEDQ DUWKURSRGY D UHYLHZ DQG D FD

b

$YRQGHW -/ 5 % %ODLU '- %HUJ DQG 0 $ (EEHUW '"URVRSKLC
FKDQJHV LQ HFRORJLFDO SDUDPHWHUV DFURVV DQ XUEDQ JUDGLHQW (
3KLOSRWW 6 0 - &RWWRQ 3 %LFKLHU 5/ J)ULHGULEFK /| & ORRUKE

GULYHUV RI DUWKURSRG DEXQGDQFH ULFKQHVV DQG WURSKLF FRPSRV
b

5REHUWVRQ % * .ULVND 9 +RUYDWK DQG * +RUYDWK *ODVV E

H[SORLW LQVHFWV WUDSSHG E\ SRODUL]JHG OLJKW SROOXWLRQ $FWD =

7U\MDQRZVNL 3 ) ORUHOOL 3 6NpuUND $ *R DZVNL 3 ,QG\NLHZLF

ILUVW" %LUG VSHFLHV YLVLWLQJ QRYHO ELUGIHHGHUV 6FL 5HS

%HOOHEDXP - %HWZHHQ WKH KHUULQJ JXOO /DUXV DUJHQWDWXV L

ULGLEXQGXV IHHGLQJ VLWHVY RQ D UHIXVH GXPS 2UQLV )HQQ b

&URRNV .5 $9 6XDUH] DQG '7 %ROJHU $YLDQ DVVHPEODJHV D

KLJKO\ IUDJPHQWHG ODQGVFDSH %LRO &RQVHUY b

%HLVVLQJHU 65 DQG '5 2VERUQH (IITHFWV RI S8UEDQL]DWLRQ RQ
b

%ODLU 5 % /DQG XVH DQG DYLDQ VSHFLHV GLYHUVLW\ DORQJ DQ X

-DUUHWW & [/ 3RZHOO + OF'HYLWW HW DO %BLWWHU IUXLWYV |

UHYHDO WKDW XUEDQ VRQJELUGYV WUDYHO IXUWKHU IRU ORZHU TXDOLW

,VDNVVRQ & DQG 6 $QGHUVVRQ &DURWHQRLG GLHW DQG QHVWOL

3DUXV PDMRU - $YLDQ %LRO b

6RO ' 2 /DSLHGUD DQG & *RQ]oOH] /DJRV %HKDYLRXUDO DGMXV

b

BWRIEHUJ 0 6 - &XQQLQJKDP 3 6XPDVJXWQHU DQG $ $PDU -X.

DQ XUEDQ ELUG WR IOXFWXDWLQJ DQWKURSRJHQLF IRRG DYDLODELOLW

2VWIHOG 56 DQG . /RIJLXGLFH &RPPXQLW\ GLVDVVHPEO\ ELRGLY

HFRV\WWHP VHUYLFH (FRORJ\ b

1DLGRR 5 6SHFLHV ULFKQHVYV DQG FRPPXQLW\ FRPSRVLWLRQ RI VF

ODQGVFDSH $QLP &RQVHUY b

+DUWXQJ 6 & DQG -' %UDZQ (IHIHEFEWV RI VDYDQQD UHVWRUDWLRQ

VRQJELUGV &RQGRU b



%RGHQFKXN 0 - DQG '/ %HUJPDQ *UDFNOHV :LOGOLIH 'DPDJH 0D
$3+,6 :6 1DWLRQDO :LOGOLIH 5HVHDUFK &HQWHU )RUW &ROOLQV &ROF

%XUJKDUGW . 7 ': 7DOODP\ DQG : *UHJRU\ 6KULYHU ,PSDFW RI
ELRGLYHUVLW\ LQ VXEXUEDQ ODQGVFDSHV &RQVHUY %LRO P
1IHOVRQ 6 % - - &RRQ & - 'XFKDUGW - ' )LVFKHU 6 - +DOVH\ $ -

PHFKDQLVPV RI LQYDVLYH SODQW LPSDFWV RQ 1RUWK $PHULFDQ ELUGV
p

2UWHJD <. .6 OF.HOYH\DQG '/ 6L] ,QYDVLRQ RI DQ H[RWLF IR

VLWH ILGHOLW\ RI D PLJUDWRU\ VRQJELUG 2HFRORJLD b

JOR\G -' DQG 7 ( ODUWLQ SHSURGXFWLYH VXFFHVV RI FKHVWQXW

JUDVVODQG &RQGRU b

ODUVKDOO 05 DQG 5 - &RRSHU 7HUULWRU\ VL]H RI D PLJUDWRU\

DQG IROLDJH VWUXFWXUH (FRORJ\ b

%URRNV 0 / (IITHFWV RI ILUH VXSSUHVVLRQ DQG SRVWILUH PDQDJH]|
b ,Q . =RXKDU - . 6PLWK DQG 6 6XWKHUODQG HGV :LOGODQG

,QYDVLYH 30DQWV 8 6 'HSDUWPHQW RI $JULFXOWXUH )RUHVW 6HUYLF

*OHGLWVFK -0 DQG 7 $ &DUOR /LYLQJ ZLWK DOLHQV HIIHFWV RI

QHVWLQJ 3/R6 2QH H

3DUULVK - %HKDYLRUDO HQHUJHWLF DQG FRQVHUYDWLRQ LPSOL

BWXG LQ $YLDQ %LRO

%DUWXV]HYLJH $ 0 DQG '/ *RUFKRY $YLDQ VHHG GLVSHUVDO RI
b

OF&XVNHU & ( 03 :DUG DQG -' %UDZQ BHDVRQDO UHVSRQVHV |

EXVK KRQH\VXFNOHV /RQLFHUD VSS %LRO ,QYDVLRQV b

3HVHQGRUIHU 0% 7 6 6LOOHWW :' .RHQLJDQG 6 $ ORUULVRQ

GLVSHUVHUV IRU RDNV DQG SLQHV D UHYLHZ RI D ZLGHO\ GLVWULEXWH

7KH &RQGRU 2UQLWKRO $SSO b

3XUYHV ': 0$ =DYDOD . 2JOH ) 3ULHWR DQG - 05 %HQD\DV

PHGLDWHG GLUHFWHG GLVSHUVDO DQG RDN ZRRGODQG G\QDPLFV LQ Ol

b

JHVVHU 05 DQG 6 7 -DFNVRQ &RQWULEXWLRQV RI ORQJ GLVWDQH

FRORQLVLQJ 3LQXV SRQGHURVD SRSXODWLRQV (FRO /HWW b

/RUHQ] 7 - .$ 6XO0OLYDQ $ 9 %DNLDQ DQG & $ $XEU\ &DFKH V

1XFLIUDJD &ROXPELDQD $XN b

%DXPHLVWHU ' DQG 50 &DOODZD\ )DFLOLWDWLRQ E\ 3LQXV IOH[

PHFKDQLVPV EHQHILWY RWKHU SODQW VSHFLHV (FRORJ\ b

7KRPDV & ' DQG - - /HQQRQ %LUGYV HIWHQG WKHLU UDQJHV QRUW

+%SSRS 2 DQG . +%SSRS 1RUWK DWODQWLF RVFLOODWLRQ DQG \

6RF /RQG % %LRO 6FL b

9VVHU 0 ( $9 1RRUGZLMN -0 7LQEHUJHQ DQG & 0 /HVVHOOV

UHSURGXFWLRQ LQ JUHDW WLWV 3DUXV PDMRU 3URF 5 6RF /RQG %

7KRPDV ': - %ORQGHO 3 3HUUHW 00 /DPEUHFKWV DQG -5 B6SHD!

FRVWV RI PLVPDWFKLQJ UHVRXUFH VXSSO\ DQG GHPDQG LQ VHDVRQDOC
b
%ORQGHO - 3 & 'LDV 3 3HUUHW 0 ODLVWUH DQG 0 0 /DPEUHFKWYV
VPDOO VSDWLDO VFDOH LQ D ORZ GLVSHUVLQJ LQVXODU ELUG 6FLHQFF
'LDV 3 & DQG - %ORQGHO %UHHGLQJ WLPH IRRG VXSSO\ DQG ILW
FXHUXOHXV LQ PHGLWHUUDQHDQ KDELWDWV ,ELV b
"UXU\ o+ BWXGLHV Rl WKH EUHHGLQJ ELRORJ\ RI KRUQHG ODUN ZL
EXQWLQJ RQ E\ORW LVODQG QRUWKZHVW WHUULWRULHV &DQDGD %LU
+XVVHOO ' -7 DQG 5' ORQWJRPHULH /DSODQG ORQJVSXU &DOFD
3RROH DQG ) % *LOO HGV 7KH %LUGV RI 1IRUWK $PHULFD &RUQHOO /I
KWWSV GRL RUJ EQD
%RHOPDQ 17 / *RXJK - :LQJILHOG 6 *RHW] $ S$VPXV + ( &KPXL
GRPLQDQFH DOWHUV EUHHGLQJ KDELWDW DQG IRRG UHVRXUFHV IRU PL.
&KDQJ %LRO p
7LQJOH\ 0: : % ORQDKDQ 65 %HLVVLQJHU DQG & ORULW] %L L
WKURXJK D FHQWXU\ RI FOLPDWH FKDQJH 3URF 1DWO $FDG 6FL 86%
6DPSOH %( 5 - &RRSHU DQG 5 & :KLWPRUH 'LHWDU\ VKLIWV DPRC
WUHDWHG IRUHVW &RQGRU b
7JUHYHOOLQH % . 7 1XWWOH % ' +RHQLJ 1/ %URXZHU % $ 3RUW
RI QHVWOLQJ IHFHV UHYHDOV SURYLVLRQLQJ RI DTXDWLF SUH\ DQG UH\
VRQJELUGV LQ D ULSDULDQ KDELWDW 2HFRORJLD p



*UXQVW $6 0/ *UXQVW % 7K\V 7 5DDS 1 'DHP 5 3LQ[WHQ HW
DFURVV D PHWDO SROOXWLRQ JUDGLHQW LQ D IUHH OLYLQJ VRQJELUG
OHKOPDQ ': 6 ( ODEH\ '1 (ZHUW & 'XQFDQ % $EHO ' &LPSULFI
VWRSRYHU VLWHV IRU )RUHVW 'ZHOOLQJ OLJUDWRU\ /DQGELUGV $XN
6XOOLYDQ % / &/ :RRG 0 - ,OLIl 5 ( %RQQH\ ' )LQN DQG 6 .HOO
REVHUYDWLRQ QHWZRUN LQ WKH ELRORJLFDO VFLHQFHV %LRO &RQVH!
%D\O\ 1 - .9 5RVHQEHUJ :( (DVWRQ & *RPH] -$ < &DUOLVOH
VWRSRYHU UHJLRQV DQG PLJUDWRU\ ERWWOHQHFNV IRU QHDUFWLF QHF
%LUG &RQVHUY ,QW b

'"UR] % 5 $UQRX[ 7 %RKQHQVWHQJIHO - /DHVVHU 5 6SDDU 5 $\
DUHDV DV D FRQVHUYDWLRQ RSSRUWXQLW\ IRU DQ HQGDQJHUHG VRQJE
(DNLQ & - + &DPSD,,, ': /ILQGHQ * - 5RORIlI ' % 5RZH DQG - :HV

JUHHQ URRIV LQ XUEDQ ODQGVFDSHV LQ WKH PLGZHVWHUQ 86% DYLDQ
%XO0O0 p

3DUWULGJH '5 DQG - $0DQ &ODUN 'DWD IURP BUEDQ JUHHQ URR
EUHHGLQJ ELUGY DQG WKHLU DUWKURSRG SUH\ 'U\DG 'LJLWDO 5HSRVL\
‘DVKEXUQ % ( 50 6ZHDULQJLQ & . 3XOOLQV DQG 0 ( 5LFH &R
FRPPXQLWLHV XVLQJ D QHZ XUEDQ KDELWDW JUHHQ URRIV (QYLURQ O©
%HDVRQ 5 & 'KDW FDQ ELUGV KHDU" 3URFHHGLQJV Rl WKH 9HUWHE
KWWSV HVFKRODUVKLS RUJ XF LWHP NS U

%HOFKHU 51 .5 6DGDQDQGDQ (5 *RK -< &KDQ 6 OHQ] DQG 7 |

DURXQG ODUJH VFDOH EXLOGLQJV SRVLWLYHO\ LQIOXHQFHV QDWLYH W
BUEDQ (FRV\VW b

0DOSDVV -6 $' S5RGHZDOG DQG 6 1 ODWWKHZV 6SHFLHV GHSHC
SUHGDWRUV DQG QHVW VXUYLYDO RI XUEDQ $PHULFDQ 5RELQV DQG 1RL
GH ORV FRPHGHURY GH DYHV VREUH ORV GHSUHGDGRUHV GH QLGRV \ O
XUEDQDV &RQGRU =

JLVFKHU -' DQG -5 OLOOHU '"LUHFW DQG LQGLUHFW HIIHFWV RI L
G\QDPLFV RI D VRQJELUG $FWD 2HFRO b

OR\HUV 6 & -6 $GHOPDQ '5 )DULQH & $ 7KRPDVRQ DQG '0 +DZO
KRXVH ILQFK GLVHDVH WUDQVPLVVLRQ LQ H[SHULPHQWDO HSLGHPLFV :

3DNHU < < <RP 7RY 7 $ORQ OR]JHV DQG $ %DUQHD 7KH HIITHFW
VWUXFWXUH RQ ELUG VSHFLHV ULFKQHVV GLYHUVLW\ DQG FRPPXQLW\ \
'"«FDULH 5 -/ 'HV*UDQJHV & /«SLQH DQG ) ORUQHDX ,PSDFW F
7XUGXV PLJUDWRULXV LQ D VXEXUEDQ HQYLURQPHQW (QYLURQ 3ROO
OLWUD $ &KDWWHUMHH & DQG ) % 0DQGDO 6\QWKHWLF FKHPLF
- (QYLURQ 7R[LFRO b

+DOOPDQQ & $ 53 % )RSSHQ YDQ & $0 7XUQKRXW "HFOLQHYV
ZLWK KLJK QHRQLFRWLQRLG FRQFHQWUDWLRQV 1DWXUH b
6WDQWRQ 5/ & $ ORUULVVH\ DQG 5 * &ODUN $QDO\VLV RI WUHC
GHFOLQHV LQ 1RUWK $PHULFD D UHYLHZ $JULF (FRV\VW (QYLURQ
'KHODQ & - % + HNHUFLRAOX DQG '* :HQQ\ 'K\ ELUGV PDWWHL
HFRV\WWHP VHUYLFHV - 2UQLWKRO b

"'QKDUGW - 0 *UHHQ $ /LQGVWU.P 0 5XQGO,I DQG + * 6PLWK
PLJUDWLQJ ELUGV b HIIHFWV RI RUJDQLF IDUPLQJ DQG ODQGVFDSH VWL
)OLQW 0/ DQG 5 YDQ GHQ %RVFK 0DQ SHVWV DQG WKH HYROXW
YOLQW DQG 5 YDQ GHQ %RVFK HGV ,QWURGXFWLRQ WR ,QWHJUDWHG
3DULVK '0 % DQG 1: 6RWKHUWRQ *DPH FURSY DQG WKUHDWHQH
WRZDUGV KDOWLQJ SRSXODWLRQ GHFOLQHV" %LUG 6WXG\ b
'LOFR[HQ & $ -: :DON DQG 0 3 :DUG 8VH Rl FRYHU FURS ILHOG\
$JULF (FRV\VW (QYLURQ b

9DQ%HHN .5 -' %UDZQ DQG 0 3 :DUG 'RHV QR WLOO VR\EHDQ |
$JULF (FRV\VW (QYLURQ b

IDSRVH - DQG 5 O0\HUV 8VH RI FRYHU FURSV WR SURPRWH VRLO K
$GYDQFH ,QQRYDWLRQV LQ 6XVWDLQDEOH $JULFXOWXUH KWWS G[ GRI
%XFNLQJKDP '/ : - 3HDFK ' 6 )R] (IITHFWV RI DJULFXOWXUDO P
JUDVVODQG E\ IRUDJLQJ ELUGV $JULF (FRV\VW (QYLURQ b
+RO]JPXHOOHU (- O0' *DVNLQV DQG - & 0DQJXQ $ *,6 DSSURDFK
XVLQJ QHRWURSLFDO PLJUDQW VRQJELUG FULWHULD (QYLURQ ODQDJH
BWHSKHQV -/ DQG 6 0 5RFNZHOO 6KRUW WHUP ULSDULDQ UHVWHF
DQG UHSURGXFWLYH VXFFHVV RI WKUHH VRQJELUGY DORQJ WKH 7ULQLV



6DYDUG - 3/ 3 &OHUJHDX DQG * OHQQHFKH] %LRGLYHUVLW\ FF
BUEDQ 30DQ =

%RZHUV (. ' 1LHW] &) 7KRPSVRQ DQG 6 . 6DNDOXN 3DUHQWLE

RI YDU\LQJ EURRG VL]H DQG FRQVHTXHQFHV IRU RIIVSULQJ %HKDY (FR

OF4XLOOHQ / + DQG /: %UHZHU OHWKRGRORJLFDO FRQVLGHUDWL

YLGHR WHFKQRORJ\ - )LHOG 2UQLWKRO b

*DOEUDLWK -$ "1 -RQHV -5 %HJJV . 3DUU\DQG 0 & 6WDQOH\

IHZ VSHFLHV DQG LQGLYLGXDOV )URQW (FRO (YRO

+UXVND $0 6 6RXWKHU DQG - % OF*UDZ 6RQJELUG GLVSHUVDO

TXLQTXHIROLXV <FRVFLHQFH b

6WHHQ 5 $ SRUWDEOH GLJLWDO YLGHR VXUYHLOODQFH V\VWHP WR

5HV b

'DUUDV . 3 %DWaU\ % - )XUQDV , *UDVV < $ O0XO\DQL DQG 7 7VF

UHFRUGLQJ RXWSHUIRUPV KXPDQ REVHUYDWLRQ IRU VDPSOLQJ ELUGV
H

-HOLDINRY $ < %DV & .HUELULRX -) -XOLHQ & 3HQRQH DQG , /
DFRXVWLF PRQLWRULQJ DOORZV WR GHWHFW WHPSRUDO GHFOLQH RI E>
ODULHWWH 0 O (& 3DULVHU $ - *LOE\ 0 - ODJUDWK 6 5 3U\NH DC
HOHFWURQLF PRQLWRULQJ VAIVWHP WR OLQN RIIVSULQJ SURYLVLRQLQJ |

b
3LWHUD $ 0 & | %YUDQFK (6 %ULGJH DQG 9 9 3UDYRVXGRY "D L
PRXQWDLQ FKLFNDGHHY DUH DVVRFLDWHG ZLWK YDULDWLRQ LQ HQYLUF
KLWZRUWK ' 6 1HZPDQ 7 0OXQGNXU DQG 3 +DUULV :LOG %LUG

WR $SSOLHG )LHOG 5HVHDUFK DQG 'LVHDVH 6DPSOLQJ 7THFKQLTXHV )RR
1IDWLRQV 5RPH
7D\ORU 3 7 &UHZH 6 ODFNHQ]JLH ' /HSDJH < $XEU\ = &U\VOHU
VIVWHP D FROODERUDWLYH UHVHDUFK QHWZRUN WR HQKDQFH WKH XQC
(FRO
%D\O\ 1 - '5 1RUULV 3' 7D\ORU .$ +REVRQ DQG $ ORUDOHV 5R]F
WURSLFDO RYHUZLQWHULQJ VLWHV PD\ KDYH D IXQGDPHQWDO UROH LQ
[
6FKRILHOG /1 -/ 'HSSH 7 - =HQ]DO -U 03 :DUG 5 + 'LHKO 5 7
UDGLR WHOHPHWU\ WR TXDQWLI\ DFWLYLW\ SDWWHUQV RI VRQJELUGV G
%ULGJH (6 . 7KRUXS 06 %RZOLQ 3 % &KLOVRQ 5 + 'LHKO 5 :
PRYH UHFHQW DQG IRUWKFRPLQJ LQQRYDWLRQV IRU WUDFNLQJ PLJUDW
)XGLFNDU $0 0 :LNHOVNL DQG - 3DUWHFNH 7UDFNLQJ PLJUDWH
ORJJHUV JHRORFDWRUV LQ IRUHVW KDELWDWV DFFXUDF\ Rl JHRORFD\
5LSSHUJHU 6 3 ** &DUWHU 5 $ 3DJH 1 'XGD $ .RHOSLQ 5 :HLJ
JHQHUDWLRQ VHQVRU QHWZRUNV FORVH WKH VL]H JDS LQ YHUWHEUDWF
6RPPHU % 6 )H\HU ' .OLQNKDPPHU . .OHLQ - :LHODQG ' )LQN
H[SHULHQFH IRU WKH H[KLELWLRQ IURP ODNH FRQVWDQFH WR $IULFD D
,PDJLQJ b b

%%!FNPDQ - $ $QGHUVVRQ / 3HGHUVHQ 6 6M_EHUJ $ 3 7°WWUXS
DQDO\VLV RI IUHH 10\LQJ PLJUDWRU\ ELUGV QHZ SHUVSHFWLYHV EDVHC
b

3RGOHVDN ': 65 OF:LOOLDPV DQG . $ +DWFK 6WDEOH LVRWRSH
FDQ LQGLFDWH LQWUD LQGLYLGXDO FKDQJHV LQ WKH GLHW RI PLJUDWR
.QXWVHQ & - DQG & : 9DULDQ 5DPRYV ([SODLQLQJ YDULDWLRQ LQ
PLJUDWRU\ EHKDYLRU IRUDJLQJ JXLOG DQG GLHW (FRWR[LFRORJ\

*URQG . % . 6DQGHUFRFN $ -XPSSRQHQ DQG / + =HJOLQ 7KH
SK\WLRORJ\ DQG IXQFWLRQ LQ ZLOG ELUGV - $YLDQ %LRO H

7LWXODHU 0 $ OHOJR]D &DVWLOOR $ 2 3DQMDEL $ 6DQFKH] )ORU!
'XDUWH HW DO OROHFXODU DQDO\VLV RI VWRPDFK FRQWHQWYV UH?

%DLUG&Y DQG *UDVVKRSSHU VSDUURZV WZR GHFOLQLQJ JUDVVODQG EL
5\WN,QHQ 6 (- 9HVWHULQHQ & :HVWHUGXLQ 7 /HYL!NDQJDV ( 9
IHFHV WR GDWD D PHWDEDUFRGLQJ PHWKRG IRU DQDO\]LQJ FRQVXPHG
(FRO (YRO b

7TKRPVHQ 3) -26 .LHOJDVW [/ / ,YHUVHQ & :LXI 0 5DVPXVVHQ
HQGDQJHUHG IUHVKZDWHU ELRGLYHUVLW\ XVLQJ HQYLURQPHQWDO '1$
"HEHU 7 3 $, +RXVWRQ DQG % - (QV &RQVHTXHQFHYV RI KDELWL
WKHRUHWLFDO LQYHVWLJDWLRQ - $YLDQ %LRO b

%\VWUDN ' 7KH 1IRUWK $PHULFDQ EUHHGLQJ ELUG VXUYH\ SS P

(VWLPDWLQJ 1XPEHUV RI THUUHVWULDO %LUGYV &RRSHU 2UQLWKRORJLF



+LOO $ 3 3 3ULQFH -/ 6QDGGRQ & 3 'RQFDVWHU DQG $ 5RJHUYV
GHYLFH IRU PRQLWRULQJ ELRGLYHUVLW\ DQG WKH HQYLURQPHQW +DUC

%RQWHU '1 DQG & % &RRSHU 'DWD YDOLGDWLRQ LQ FLWL]HQ VF
JHHGHU:DWFK )URQW (FRO (QYLURQ b
%HUJHU 7DO 2 DQG ' 6DOW] ,QWURGXFWLRQ WKH ZK\V DQG WKH

&RQVHUYDWLRQ %YHKDYLRU $SSO\LQJ %YHKDYLRUDO (FRORJ\ WR :LOGOL
8QLYHUVLW\ 3UHVYV
S5XEHQVWHLQ ', $QWKURSRIJHQLF LPSDFWV RQ EHKDYLRU WKH SUI
&RQVHUYDWLRQ %HKDYLRU $SSO\LQJ %YHKDYLRUDO (FRORJ\ WR :LOGOL
S8QLYHUVLW\ 3UHVYV
&DUR 7 DQG 3 : 6KHUPDQ 9DQLVKLQJ EHKDYLRUV &RQVHUY /HW

+XPDQ ,PSDFWV RQ $YLDQ &RPPXQLFDWLRQ

%UXPP + DQG 6 $ =ROOLQJHU $YLDQ YRFDO SURGXFWLRQ LQ QRL
&RPPXQLFDWLRQ DQG 1RLVH 6SULQJHU %HUOLQ +HLGHOEHUJ
+DOIZHUN : % /RKU DQG + 60DEEHNRRUQ ,PSDFW RI PDQ PDGH
b ,Q + 6ODEEHNRRUQ 5 'RROLQJ $ 3RSSHU DQG 5 )D\ HGV
$QLPDOV 6SULQJHU +DQGERRN RI $XGLWRU\ 5HVHDUFK YRO 6SULQJI
KWWSV GRL RUJ B
+DOIZHUN : 6 %RW - %XLN[ O YDQ GHU 9HOGH - .RPGHXU & W|
ORVH WKHLU SRWHQF\ LQ QRLV\ XUEDQ FRQGLWLRQV 3URF 1DW $FDG
GRL SQDV

3KLOOLSV -1 DQG (3 'HUU\EHUU\ SBUEDQ VSDUURZV UHVSRQG WF
DJJUHVVLRQ LQ QRLVH 6FL 5HS GRL v

*UDEDUF]\N (( DQG 6 $ *LOO $QWKURSRJHQLF QRLVH DIIHFWV PLC
GHWHFWLRQ RI WHUULWRULDO LQWUXGHUV 3/R6 2QH H GRL
*UDEDUF]\N (( O $UD\D 6DODV 0 - 9RQKRI DQG 6 $ *LOO $QWK
PDOH KRXVH ZUHQ UHVSRQVH WR FKDQJH LQ VLJQDOLQJ QHWZRUN (WK
S5KHLQGW ) ( 7KH LPSDFW RI URDGV RQ ELUGY GRHV VRQJ IUHTXHC
WR QRLVH SROOXWLRQ" 'LH $XVZLUNXQJHQ YRQ 6WUD{HQ DXI 9,JHO ,VV
J'UPHPSILQGOLFKNHLW" - 2UQLWKRO b GRL M
6ODEEHNRRUQ + DQG 0 3HHW (FRORJ\ ELUGV VLQJ DW D KLJKHU
GRL D D

6HDUF\ : $ DQG 6 1RZLFNL 7KH (YROXWLRQ RI $QLPDO &RPPXQLF
8QLYHUVLW\ 3UHVV

(QGOHU - $ 6LJQDOV VLJQDO FRQGLWLRQV DQG WKH GLUHFWLRQ
&DWFKSROH & . DQG 3 - % 60DWHU %LUG 6RQJ QG (G &DPEULG
*LOO 6 $ DQG 6 * 6HDO\ YXQFWLRQDO UHIHUHQFH LQ DQ DODUP V

\HOORZ ZDUEOHUV GHQRWH EURRG SDUDVLWLF EURZQ KHDGHG FRZELUC
GRL v

/JHDYHVOH\ $ - DQG 5 ' ODJUDWK &RPPXQLFDWLQJ DERXW GDQJHU
%HKDY b GRL M DQEHKDY

3RGRV - $ 3BHUIRUPDQFH FRQVWUDLQW RQ WKH HYROXWLRQ RI WUL
3DVVHULIRUPHV (PEHULJLGDH (YROXWLRQ b GRL M
+HQU\ .6 0' *DOO $ 9«OH] DQG -5 /XFDV $YLDQ DXGLWRU\ S
YDULDWLRQ DPRQJ VSHFLHV VHDVRQV VH[HV DQG LQGLYLGXDOV SS
3V\FKRORJLFDO OHFKDQLVPV LQ $QLPDO &RPPXQLFDWLRQ 6SULQJHU ,Q
GRL B

ORUWRQ ( 6 (FRORJLFDO VRXUFHV RI VHOHFWLRQ RQ DYLDQ VRXQC
ODUWHQ . DQG 3 ODUOHU 6RXQG WUDQVPLVVLRQ DQG LWV VLJIQL
6RFLRELRO b GRL El

'LOH\ 5 + DQG ' 5LFKDUGYV 3K\WLFDO FRQVWUDLQWY RQ DFRXVWL

LPSOLFDWLRQV IRU WKH HYROXWLRQ RI DQLPDO YRFDOL]DWLRQV %HKD
GRL %)

1LFKROOV -$ DQG $ : *ROGL]JHQ +DELWDW W\SH DQG GHQVLW\ LC
ERZHUELUGV - $QLP (FRO = GRL M [
1DJXLE 0 DQG + :LOH\ (VWLPDWLQJ WKH GLVWDQFH WR D VRXUF}
ORQJ UDQJH FRPPXQLFDWLRQ $QLP %HKDY b GRL DQEH
%ULWWDQ 3RZHOO () DQG 5 - 'RROLQJ '"HYHORSPHQW RI DXGLWR
$PH b GRL



'RROLQJ 5 DQG 6 %OXPHQUDWK $YLDQ VRXQG SHUFHSWLRQ LQ Q
$QLPDO &RPPXQLFDWLRQ DQG 1RLVH 6SULQJHU %HUOLQ +HLGHOEHUJ

IXFDV - $ 9«OH] DQG . +HQU\ +DELWDW UHODWHG GLIITHUHQFHV
DQG YRFDO VLIQDO SURSHUWLHV LQ IRXU VRQJELUGV - &RPS 3K\V
1DJXLE O . 9DQ 2HUV $ %UDDNKXLV 0 *ULIILRHQ 3 'H *RHGH DQ¢

HITHFWV RI QRLVH RQ EUHHGLQJ JUHDW WLWV GHSHQG RQ SHUVRQDOLW
b GRL M DQEHKDY

+XEHU 6 . DQG - 3RGRYV %HDN PRUSKRORJ\ DQG VRQJ IHDWXUHV

ILQFKHVY *HRVSL]D IRUWLV %LRO - /LQQ 6RF =) GRL M

+HQGU\ §$ 3 35 *UDQW % 5 *UDQW + $ )RUG 0 - %UHZHU DQG -

RQ DGDSWLYH UDGLDWLRQ EHDN VL]H ELPRGDOLW\ LQ 'DUZLQA&V ILQFKF

GRL UVSE

3RGRV - &RUUHODWHG HYROXWLRQ RI PRUSKRORJ\ DQG YRFDO VLJ
b
*DUGQHU -/ 05 ( 6\PRQGYV /| -RVHSK . ,NLQ - 6WHLQ DQG / ( %

ELOO VL]H LV DVVRFLDWHG ZLWK KXPLGLW\ LQ VXPPHU DPRQJ $XVWUDO
GRL Y ]

7DWWHUVDOO * - % $UQDRXW DQG 05 ( 6\PRQGYV 7KH HYROXWL
RUJDQ %LRO B5HY b KWWSV GRL RUJ EUY
JRUVHWK , 1 DQG $) ,QQLV .XG]X 3XHUDULD PRQWDQD KLVWRU
PDNH D PDMRU HFRV\VWHP WKUHDW &ULW 5HY 30DQW 6FL b G
‘DUUHQ 36 0 .DWWL O (UPDQQ DQG $ %UD]HO SBUEDQ ELRDFR
b
6ODEEHNRRUQ + 3 <HK DQG . +XQW BRXQG WUDQVPLVVLRQ DQC
DQG IRUHVW DFRXVWLFV &RQGRU P GRL > V!
'RZOLQJ -/ '$ /IXWKHU DQG 3 3 0DUUD &RPSDUDWLYH HIITHFWYV
DQWKURSRJHQLF QRLVH RQ ELUG VRQJV %HKDY (FRO b GRL
-RE -5 6/ .RKOHUDQG 6 $ *LOO 6RQJ DGMXVWPHQWYV E\ DQ RS
XUEDQ VWUXFWXUH DQG YHJHWDWLRQ %HKDY (FRO b GRL
3RWYLQ '$ DQG .0 3DUULV 6RQJ FRQYHUJHQFH LQ PXOWLSOH XL
ODWHUDOLV (FRO (YRO b GRL HFH
%R\FRWW 7 - - *DR DQG 0 ' *DOO '"HHU EURZVLQJ DOWHUV VRXQ
IRUHVWYV 3/R6 2QH H GRL MRXUQDO SRQH

6KDQQRQ * 0) OF.HQQD /0 $QJHORQL .5 &URRNV .0 )ULVWUXS
GHFDGHV Rl UHVHDUFK GRFXPHQWLQJ WKH HIIHFWV Rl QRLVH RQ ZLOGO
GRL EUY

ODJUDWK 5°' % - 3LWFKHU DQG $ + 'DOJLHOO +RZ WR EH IHG EX

SDUHQWDO IRRG FDOOV DQG WKH VRXQG RI D SUHGDWRUA&V IRRWVWHSV

3DUULV .0 DQG 0 $ OF&DUWK\ BUHGLFWLQJ WKH HIIHFW RI XUED

VLIQDOV $P 1DW b GRL

JHRQDUG 0/ $* +RUQ .1 2VZDOG DQG ( OF,QW\UH (IHTHFW RI1 I

LOQWHUDFWLRQV LQ WUHH VZDOORZV $QLP %HKDY P  GRL M

OF,QW\UH ( 0/ /HRQDUG DQG $ * +RUQ $PELHQW QRLVH DQG SD

LQ WUHH VZDOORZV 7DFK\FLQHWD ELFRORU $QLP %HKDY P  GRL

7HPSOHWRQ & 1 6 $ =ROOLQJHU DQG + %UXPP 7UDIILF QRLVH C
5 b5 GRL M FXE

3RWYLQ '$ 07 &XUFLR -3 6ZDGGOH DQG 6 $ ODF'RXJDOO 6KDFNOF

XUEDQ DQG SLQN QRLVH DIIHFWV EUDLQ GHYHORSPHQW DQG VRQJ OHDL

- H

3HWHUV 6 (3 'HUU\EHUU\ DQG 6 1RZLFNL 6RQJELUGY OHDUQ VI

WUDQVPLVVLRQ %LRO /HWW b GRL UVEO

5RVD 3 DQG 1 .RSHU ,QWHJUDWLQJ PXOWLSOH GLVFLSOLQHV WR

DQLPDO FRPPXQLFDWLRQ (FRVSKHUH H GRL HFV

&KDQ $ $ < + 3 *LUDOGR 3HUH] 6 6PLWK DQG '7 %OXPVWHLQ
DVVHVVPHQW DQG DWWHQWLRQ WKH GLVWUDFWHG SUH\ K\SRWKHVLV ¢

*UDGH $ 0 DQG . ( 6LHYLQJ KHQ WKH ELUGV JR XQKHDUG KLJKZ
EHWZHHQ ELUG VSHFLHV %LRO /HWW

'RPLQRQL " O 'K\ FRQVHUYDWLRQ ELRORJ\ FDQ EHQHILW IURP VHQ
GRL \%

ORUULY '"UDNH $ -0 .HUQ DQG $ 1 5DGIRUG &URVV PRGDO LPSD
LOQIRUPDWLRQ XVH &XUU %LRO &% 5 PS5 GRL M FXE
%OLFNOH\ -/ .5 :RUG $ + .UDNDXHU -/ 3KLOOLSV 61 6HOOV

FKURQLF QRLVH LV UHODWHG WR HOHYDWHG IHFDO FRUWLFRVWHURLG F



&HQWURFHUFXV XURSKDVLDQXV 3/R6 2QH H GRL MRXUQDO
1RZLFNL 6 : 6HDUF\ DQG 6 3HWHUYV %UDLQ GHYHORSPHQW VRC
UHYLHZ DQG H[SHULPHQWDO WHVW RI WKH 8QXWULWLRQDO VWUHVV K\S
GRL v
6LHPHUV % 0 DQG $ 6FKDXE +XQWLQJ DW WKH KLJKZD\ WUDIILF
DFRXVWLF SUHGDWRUV 3URF 5 6RF /RQG % b GRL URY,
&DUGRVR * & < +X DQG & ' )UDQFLV 7KH FRPSDUDWLYH HYLGHQ
DQWKURSRJHQLF QRLVH 5 6RF 2SHQ 6FL GRL UVRV
&DUGRVR * & (ISRVXUH WR QRLVH SROOXWLRQ DFURVV 1RUWK $PH
K\SRWKHVLV *ORE (FRO %LRJHRJU GRL IX0O0 JHE
3RWYLQ ' $ &RSLQJ ZLWK D FKDQJLQJ VRXQGVFDSH DYRLGDQFH D
P GRL v
OF&OXUH & - + ( :DUH - &DUOLVOH * .DOWHQHFNHU DQG -5 %DUE
LQWR WKH HIIHFWV RI WUDIILF QRLVH RQ GLVWULEXWLRQV RI ELUGV D"

_.OHLVW 1 - 53 *XUDOQLFN $ &UX] DQG & ' )UDQFLV BRXQG VF
H[SODLQLQJ EUHHGLQJ KDELWDW VHOHFWLRQ RI VHFRQGDU\ FDYLW\ QH
GRL HDS

OHMLD (& & -: OF&OXUH DQG -5 %DUEHU /DUJH VFDOH PDQLS)
DOWHU WKH DEXQGDQFH Rl EUHHGLQJ ELUGV HYLGHQFH IURP D SKDQW
GRL

9LWRXVHN 30 &0 '4DQWRQLR // /RRSH 0 5HMPEQHN DQG 5 :HVW

VLIJQLILFDQW FRPSRQHQW RI KXPDQ FDXVHG JOREDO FKDQJH 1 = - (FI
J,ELVFK 3/ $ JOREDO PDS Rl URDGOHVV DUHDV DQG WKHLU FRQVHU
GRL VFLHQFH DDI

-RE -5 . O\HUV . 1DJKVKLQHK DQG 6 $ *LOO 8QFRYHULQJ VSD
XVLQJ VRXQG PDSSLQJ 3/R6 2QH H GRL MRXUQDO SRQH
OF/DXJKOLQ . ( DQG + 3 .XQF ([ISHULPHQWDOO\ LQFUHDVHG QRLYV
EHKDYLRXU %LRO /HWW GRL UVEO

%OLFNOH\ -/ ' %ODFNZRRG DQG */ 3DWULFHOOL ([SHULPHQWD

DQWKURSRJHQLF QRLVH RQ DEXQGDQFH RI JUHDWHU VDJH JURXVH DW C
GRL M [

%UXPP + .$ 5REHUWVRQ DQG ( 1HPHWK 6LQJLQJ GLUHFWLRQ D
ELUGVRQJ DQ H[SHULPHQW RQ VHGJH ZDUEOHUV $QLP %HKDY b
+DOIZHUN : 6 %RW DQG + 60DEEHNRRUQ ODOH JUHDW WLW VRC
GHSHQGHQW IHPDOH IHHGEDFN )XQFW (FRO b GRL M
ORQWDJXH 0 - O 'DQHN *RQWDUG DQG + 3 .XQF 3KHQRW\SLF SO
VH[XDOO\ VHOHFWHG WUDLW WR DQWKURSRJHQLF QRLVH %HKDY (FRO
3RWYLQ '$ DQG 5% OXOGHU ,PPHGLDWH LQGHSHQGHQW DGMXVYV

UHVSRQVH WR YDU\LQJ EDFNJURXQG QRLVH E\ VLOYHUH\HV =RVWHURS\

GRL EHKHFR DUW

*UDEDUF]\N (( 0 - 9RQKRI DQG 6 $ *LOO 6RFLDO FRQWH[W DQG

VRQJ DGMXVWPHQWY LQ D FRPPRQ SDVVHULQH %HKDY (FRO b

JRPEDUG ( /H VLIQH GH OH HOHYDWLRQ GH OD YRL[ $QQ O0DODG ¢
b

%UXPP + 7KH LPSDFW RI HQYLURQPHQWDO QRLVH RQ VRQJ DPSOLW
b

=ROOLQJHU 6 $ + %UXPP 7KH ORPEDUG HIIHFW &XUU %LRO

+DUGPDQ 6 , 6 $ =ROOLQJHU . .RVHOM 6 /HLWQHU 5 & 0ODUVKDO

RQVHW WLPHYVY UHYHDO WKH VSHHG RI YRFDO SODVWLFLW\ LQ D VRQJEL

GRL MHE

'RROLQJ 5 - DQG $ 1 3RSSHU 6RPH OHVVRQV IURP WKH HIIHFWV F
$FRXVW GRL

=ROOLQJHU 6% 3 -% 60DWHU ( 1HPHWK DQG + %UXPP +LIKH
LQGLYLGXDO UHVSRQVH WR QRLVH 3URF 5 6RF % %LRO 6FL
JUDQFLV &' & 3 2UWHJD DQG $ &UX] 'LIITHUHQW EHKDYLRXUDO
FORVHO\ UHODWHG SDVVHULQH ELUGV %LRO /HWW b GRL
'DUULQJWRQ 0+ &0 &XUU\ % $QW]H DQG 1 .RSHU 1RLVH IURH
LQIUDVWUXFWXUH DIIHFWV VRQJ IHDWXUHV Rl 6DYDQQDK 6SDUURZV &R
/ILX 4 + B6ODEEHNRRUQ DQG . 5LHEHO =HEUD ILQFKHV VKRZ VSD
WUDIILF QRLVH %HKDYLRXU b GRL . EMD

ODKMRXE * 0. +LQGHUV DQG - 3 6ZDGGOH 8VLQJ D ¢VRQLF QHW

(XURSHDQ VWDUOLQJV IURP IRRG VRXUFHV E\ GLVUXSWLQJ WKHLU DFRX



GRL ZVE
9DUJDV 6DOLQDV ) * 0 &XQQLQJWRQ $ $P«]TXLWD DQG / )DKULJ
LQ )URJV DQG 7RDGV" $ FDVH VWXG\ Rl DQXUDQV LQ (DVWHUQ 2QWDULR

3URSSH '6 DQG ( )LQFK 9RFDOL]LQJ GXULQJ JDSV LQ DQWKURSR
HQKDQFLQJ FRPPXQLFDWLRQ LQ VRQJELUGV - (FRDFRXVW 7/3 ' GRI
$UUR\R 6ROV $ -0 &DVWLOOR ( )LIXHURD -/ /uSH] 6EQFKH] DQG

HYLGHQFH IRU DQ LPSDFW RI DQWKURSRJHQLF QRLVH RQ GDZQ FKRUXV
b GRL M : [

<DQJ : - DQG + BODEEHNRRUQ 7LPLQJ YRFDO EHKDYLRU /DFN RI
QRLVH OHYHOV LQ VLQJLQJ (XUDVLDQ ZUHQV %HKDY 3URFHVV b
)XOOHU 5% 3+ :DUUHQ DQG . - *DVWRQ 'D\WLPH QRLVH SUHGLI
%LRO /HWW b GRL UVEO

'D 6LOYD $ 0 9DOFX DQG % .HPSHQDHUV /LJKW SROOXWLRQ DO

VLQJLQJ LQ FRPPRQ (XURSHDQ VRQJELUGV 3KLORV 7UDQV 5 6RF % ¢
GRL UVWE

+HQQLJDU % -3 (WKLHU DQG "5 :LOVRQ ([SHULPHQWDO WUDIIL
VHDVRQ %HKDY (FRO [ GRL EHKHFR DU]
6WXDUW & - (( *UDEDUF]\N 0 - 9RQKRI DQG 6 $ *LOO 6RFLDO

DUWLILFLDO OLJKW LQIOXHQFH RQVHW RI GDZQ VLQJLQJ LQ D FRPPRQ "
3RKO 18 ( /HDGEHDWHU + B60ODEEHNRRUQ * 0 .OXPS DQG 8 /DQJH
EHQHILW IURP KLJK IUHTXHQFLHV LQ VRQJ GHWHFWLRQ DQG GLVFULPLQ
3RODN 0 5HODWLRQVKLS EHWZHHQ WUDIILF QRLVH OHYHOV DQG V¥
7UDQVS 5HV ' 7UDQVS (QYLURQ P GRL M WUG

9LOODLQ $6 06 % )HUQDQGH] & %RXFKXW + B6RXOD DQG & 9LJQD
VWUXFWXUH DQG LQWUD SDLU FRPPXQLFDWLRQ DW WKH QHVW LQ UHVS|

p GRL M DQEHKDY

'"HQW 0/ (0 OF&ODLQH 9 %HVW ( 2]PHUDO 5 1DUD\DQ ) - *DOC
ELUGVRQJ LQ JHEUD ILQFKHV 7DHQLRS\JLD JXWWDWD DQG %XGJHULJD!

b GRL D
_.OXPS * 0 6RXQG ORFDOL]DWLRQ LQ ELUGV SS P ,Q 5 - 'RRO
&RPSDUDWLYH +HDULQJ %LUGV DQG 5HSWLOHV 6SULQJHU 1HZ <RUN 1
IXWKHU '$ DQG (3 '"HUU\EHUU\ %LUGVRQJV NHHS SDFH ZLWK FLW
XUEDQ VRQJELUG DIIHFWV FRPPXQLFDWLRQ $QLP %HKDY b
5HDG - * -RQHV DQG $ 1 5DGIRUG JLWQHVV FRVWV DV ZHOO DV
UHVSRQVHV WR DQWKURSRJHQLF QRLVH %HKDY (FRO P GRL
6ODEEHNRRUQ + DQG 7 % 6PLWK %LUG VRQJ HFRORJ\ DQG VSHF
6FL b GRL UVWE
*LOO 6$ -5 -RE . O\HUV . 1DJKVKLQHK DQG 0 - 9RQKRI 7RZ
DQWKURSRJHQLF QRLVH DQG LWV HIIHFWV RQ ZLOGOLIH %HKDY (FRO
+DELE / (0 %D\QH DQG 6 %RXWLQ &KURQLF LQGXVWULDO QRLV
RI RYHQELUGYV 6HLXUXV DXURFDSLOOD - $SSO (FRO b GRL
JRUPDQ 57 % 5HLQHNLQJ DQG $ 0 +HUVSHUJHU 5RDG WUDIILF
VXEXUEDQL]LQJ ODQGVFDSH (QYLURQ ODQDJH b GRL Y%
JUDQFLV & ' DQG & 3 2UWHJD &UX] $ 1RLVH SROOXWLRQ FKDQJH
LOQWHUDFWLRQV &XUU %LRO = GRL M FXE
'DOH - & - 'H\ . 'HOKH\ % .HPSHQDHUV DQG 0 9DOFX 7KH HII
VHOHFWLRQ RQ PDOH DQG IHPDOH SOXPDJH FRORXUDWLRQ 1DWXUH
+LOO *( DQG 5 ORQWJRPHULH 30XPDJH FRORXU VLJQDOV QXWUL
6RF /RQG % %LRO 6FL P GRL UVSE
%uNRQ\ 9 /= *DUDPV]HJL . +LUVFKHQKDXVHU DQG $ /LNHU 7F
SOXPDJH FRORUDWLRQ D FRPSDUDWLYH VWXG\ %HKDY (FRO 6RFLREL]
*ULQGVWDIlI -/ 0% /RYHUQ -/ %XUWND DQG $ +DOOPDUN 6KDUEHL
FRQGLWLRQ SDUHQWDO LQYHVWPHQW DQG FLUFXODWLQJ KRUPRQH OH
3K\WLRO $ b
+LOO * ( (QHUJHWLF FRQVWUDLQWY RQ H[SUHVVLRQ RI FDURWHQR
b GRL M : [
*HHQV $ 7 'DXZH DQG 0 (HQV 'RHV DQWKURSRJHQLF PHWDO SR
DQWLR[LGDWLYH FDSDFLW\ DQG SK\VLRORJLFDO FRQGLWLRQ RI JUHDW
7R[LFRO 3KDUPDFRO b GRL M FESF
.UDXVH (7 2 .U%JHU 3 .RKOPHLHU DQG % $ &DVSHUYV 20IDFW
IHW W b GRL UVEO
JHFODLUH 6 0 6WUDQGK - ODUGRQ + :HVWHUGDKO DQG ) %RQDGF

vLPLODULW\ DW WKH PDMRU KLVWRFRPSDWLELOLW\ FRPSOH[ LQ ELUGV



GRL UVSE

"KLWWDNHU ' - +$% 6RLQL -: $WZHOO & +ROODUV 09 1RYRWQ\ |
FKHPRVLIQDOV YRODWLOH FRPSRXQGYV LQ SUHHQ JODQG VHFUHWLRQV
%HKDY (FRO [ GRL EHKHFR DUT

&RUILHOG - 5 . 3ULFH $1 ,ZDQLXN & *XWLHUUH] ,ED3H] 7 %LUN

ROIDFWRU\ EXOE VL]H LQ ELUGYV UHIOHFWV DOORPHWU\ HFRORJ\ DQG ¢
GRL IQDQD

OF)UHGHULFN 46 -' )XHQWHV 7 5RXOVWRQ - & .DWKLODQNDO DQ
RQ ELRJHQLF YRODWLOHY DQG HFRORJLFDO LQWHUDFWLRQV 2HFRORJL
YHQJ $6 30 1DULQV & + :X : < [/LQ = [/ <X 4 4LX HW DO
IURJV 1DWXUH b GRL QDWXUH

'DYLGVRQ % O * $QWRQRYD + 'ORWW -5 %DUEHU DQG & ' )UDQFL
VRXQGVY UHGXFH VRQJ SHUIRUPDQFH LQVLJKWYV IURP WZR HPEHUL]JLG V.
GRL EHKHFR DU]J

'RQJ % % 0 DQG 8 &DQGROLQ %HKDYLRUDO UHVSRQVHV WR FKDQ
b GRL EHKHFR DUX

0OXOKROODQG 7 , "0 )HUUDUR . & %RODQG .1 ,2YH\ O/ /H & $ |/

H[SHULPHQWDO DQWKURSRJHQLF QRLVH H[SRVXUH RQ WKH UHSURGXFW

,QWHJU &RPS %LRO =) GRL LFE LF\

OF.LQQH\ 0/ SUEDQL]DWLRQ DV D PDMRU FDXVH RI ELRWLF KRPRJH

3URSSH ' 6 & % 6WXUG\ DQG & & 6W &ODLU $QWKURSRJHQLF Q

DQG PD\ FRQWULEXWH WR KRPRJHQL]DWLRQ *OREDO &KDQJH (FRO
''D] 6 8 3DVFXDO 0 6WHQVHNH % ODUW Q /pSH] 57 :DWVRQ =

QDWXUH&V FRQWULEXWLRQV WR SHRSOH 6FLHQFH b GRL
&RQYHQWLRQ RQ %LRORJLFDO 'LYHUVLW\ &%’ 6WUDWHJILF 30DQ |
%LRGLYHUVLW\ 7DUJHWV 6HH KWWSV ZZZ FEG LQW VS DFFHVVHG RQ
-RQHV .5 2 9HQWHU 5 % )XOOHU -5 $00DQ 6/ OD[ZHOO 3 - 1}
SURWHFWHG ODQG LV XQGHU LQWHQVH KXPDQ SUHVVXUH 6FLHQFH
&RDG / - ( :DWVRQ - *HOGPDQQ 1 ' %XUJHVV ) /HYHULQJWRQ O
ODUFR :LGHVSUHDG VKRUWIDOOV LQ SURWHFWHG DUHD UHVRXUFL
JURQW (FRO (QYLURQ b GRL IHH

*LOO 6$ (( *UDEDUF]\N .0 %DNHU . 1DJKVKLQHK DQG 0 - 9RQKR

VRXQGVFDSH WR UHYHDO SDWWHUQV DQG GULYHUV RI YDULDWLRQ LQ D
b

OHUFKDQW 1 ' .0 )JULVWUXS 03 -RKQVRQ 3/ 7\DFN 0 - :LWW 3
DFRXVWLF KDELWDWYV OHWKRGV (FRO (YRO b GRL :
OF.HQQD 0) * 6KDQQRQ DQG . )ULVWUXS &KDUDFWHUL]LQJ DQV

XQGHUVWDQGLQJ DQG PDQDJHPHQW RI LPSDFWV WR ZLOGOLIH (QGDQJt

GRL HVU

:LOOLDPV 5 ,PSDFWV Rl DQWKURSRJHQLF QRLVH RQ PDULQH OLIH

IXWXUH GLUHFWLRQV LQ UHVHDUFK DQG PDQDJHPHQW 2FHDQ &RDVWDO

GRL M RFHFRDPDQ

.DUS ' 6 DQG 7/ 5RRW 6RXQG WKH VWUHVVRU KRZ +RDW]LQV 2S

FRQYHUVDWLRQ %LRGLYHUV &RQVHUY GRL Y,

'"HODQH\ '. 7 * *UXEE 3 %HLHU // 3DWHU DQG 0 + 5HLVHU (

OH[LFDQ VSRWWHG RZOV - :LOGO ODQDJH P GRL

7\DFN 3/ +XPDQ JHQHUDWHG VRXQG DQG PDULQH PDPPDOV 3K\VLF

GRL

3DWULFHOOL */ DQG -/ %OLFNOH\ $YLDQ FRPPXQLFDWLRQ LQ XU

YRFDO DGMXVWPHQW $XN b GRL > DFL XQF

%X[WRQ 57 0) OF.HQQD ' OHQQLWW . )ULVWUXS . &URRNV [/ §

SHUYDVLYH LQ 8 6 SURWHFWHG DUHDV 6FLHQFH b

_H\HO $ & 6 ( 5HHG . 1XHVVO\ ( &LQWR OHMLD -5 %DUEHU DQG

DQWKURSRJHQLF QRLVH LPSDFWV RQ DQLPDOV LQ QDWXUDO DUHDV /DG

3DWULFHOOL * - %OLFNOH\ DQG 6 +RRSHU 5SHFRPPHQGHG PDQEU

QRLVH LPSDFWV RQ JUHDWHU VDJH JURXVH LQ :\RPLQJ +XP :LOGO ,QW

G

&KDQ $ $ <+ DQG'7 %OXPVWHLQ $SWWHQWLRQ QRLVH DQG LPS:

PDQDJHPHQW $SSO $QLP %HKDY 6FL P GRL M DSSODQLP

JUDQFLV &' 9RFDO WUDLWV DQG GLHW H[SODLQ DYLDQ VHQVLWLY!
P GRL JFE

3DUULV .0 DQG $ 6FKQHLGHU ,PSDFWV Rl WUDIILF QRLVH DQG W

(FRO 6RF



3DWHU [/ / 7 * *UXEE DQG '. '"HODOQH\ SHFRPPHQGDWLRQV IRU LI

LPSDFWV RQ ZLOGOLIH - :LOGO ODQDJH p GRL

*UXEE 7 * ' . 'HODQH\ :: %RZHUPDQ DQG 05 :LHUGD *ROGHQ

DQG PLOLWDU\ KHOLFRSWHUV LQ QRUWKHUQ XWDK - :LOGO ODQDJH
WE [

%DUEHU -5 &/ %XUGHWW 6 ( 5HHG .$ :DUQHU & )RUPLFKHOOD

JULVWUXS $QWKURSRJHQLF QRLVH H[SRVXUH LQ SURWHFWHG QDW

FRQVHTXHQFHV /DQGVFDSH (FRO GRL v

JAQFK ( ' -R\FH DQG . )ULVWUXS $Q DVVHVVPHQW RI QRLVH DXG

3DUNV /DQGVFDSH (FRO GRL v

%X[WRQ 57 0) OF.HQQD ' OHQQLWW ( %URZQ . )ULVWUXS .5

'LWWHP\HU $QWKURSRJHQLF QRLVH LQ 86 QDWLRQDO SDUNVRVRXU

b GRL IHH

9ROHQHF =0 DQG $ 3 'REVRQ &RQVHUYDWLRQ YDOXH RI VPDOO L

GRL FREL

2Z /) DQG 6 *KRVK SBUEDQ FLWLHV DQG URDG WUDIILF QRLVH 5H

& P GRL M DSDFRXVW

9DQ 5HQWHUJKHP 7 - )RUVV«Q . $WWHQERURXJK 3 -HDQ - 'HIUL

QDWXUDO PHDQV WR UHGXFH VXUIDFH WUDQVSRUW QRLVH GXULQJ SUR

GRL M DSDFRXVW
%D\QH (O /| +DELE DQG 6 %RXWLQ ,PSDFWV RI FKURQLF DQWKU
RQ DEXQGDQFH RI VRQJELUGY LQ WKH ERUHDO IRUHVW &RQVHUY %LRC
[
,QJHU 5 5 *UHJRU\ -3 'XII\ |, BWRWW 3 9R #HN DQG . - *DVWRQ
GHFOLQLQJ UDSLGO\ ZKLOH OHVV DEXQGDQW VSHFLHVA QXPEHUV DUH U
5RVHQEHUJ . 9 '"HFOLQH RI WKH 1RUWK $PHULFDQ DYLIDXQD 6FLHC
GRL VFLHQFH DDZ

O9RFDO /HDUQLQJ DQG 1HXURELRORJ\ LQ WKH $QWKUR!

5RVHQEHUJ .9 $0 'RNWHU 3 - %ODQFKHU -5 6DXHU $ & 6PLWK

1RUWK $PHULFDQ DYLIDXQD 6FLHQFH b

'"HU«JQDXFRXUW 6 %LUGVRQJ OHDUQLQJ LQ WKH ODERUDWRU\ ZLW

JLQFK 7DHQLRS\JLD JXWWDWD ,QWHUDFW 6WXG b

=DQQ 5 $ 7KH =HEUD )LQFK $ 6\QWKHVLV RI )LHOG DQG /DERUDWR

2[IRUG 8.

ORRQH\ 5 1HXUDO PHFKDQLVPV IRU OHDUQHG ELUGVRQJ /HDUQ OF

1RUGHHQ .: DQG (- 1RUGHHQ $XGLWRU\ IHHGEDFN LV QHFHVVDL

VRQJ LQ DGXOW =HEUD )LQFKHV %HKDY 1HXUDO %LRO b

6REHU 6 - DQG 0 6 %UDLQDUG $GXOW ELUGVRQJ LV DFWLYHO\ PO
[5)

*REHV 60+ 5% -HQQLQJV DQG 5. ODHGD 7KH VHQVLWLYH SHU

=HEUD )LQFK &RQVHTXHQFHV Rl OLPLWHG PRGHO DYDLODELOLW\ DQG P

3URFHVVHYV

-RKDQQHVVHQ / ( 7 60DJVYROG DQG % 7 +DQVHQ (IHIHFWV RI VR

DQG UHSHUWRLUH VL]H H[SHULPHQWDO HYLGHQFH IURP WKH ILHOG $Q

)XQDELNL < DQG . )XQDELNL )DFWRUV OLPLWLQJ VRQJ DETXLVLW
b

BRWYLQ ' $ 07 &XUFLR -3 6ZDGGOH DQG 6 $ ODF'RXJDOO 6KDFNO'
XUEDQ DQG SLOQN QRLVH DIIHFWV EUDLQ GHYHORSPHQW DQG VRQJ OHDL
3HHU-

SODPRQGRQ 6/ *- 5RVHDQG ) *ROOHU 5ROHV Rl VIQWD[ LQIRL
'KLWH FURZQHG 6SDUURZV =RQRWULFKLD OHXFRSKU\V - &RPS 3V\FKI
JHLWQHU 6 & 9RLJW DQG 0 *DKU 6HDVRQDO FKDQJHV LQ WKH V
&DQDU\ 6HULQXV FDQDULD D ILHOG VWXG\ %HKDYLRXU b

(HQV 0 5 3LQ[WHQ DQG 5) 9HUKH\HQ 6RQJ OHDUQLQJ LQ FDSW
$QLP %HKDY

%UHQRZLW] ( $ DQG 0' %HHFKHU 6RQJ OHDUQLQJ LQ ELUGV GLY
FKDOOHQJHV 7UHQGV 1HXURVFL b

ORXQWMR\ -' DQG 5 ( /HPRQ (IWHQGHG VRQJ OHDUQLQJ LQ ZLOG

b



$UD\D 6DODV 0 DQG 7 :ULJKW 2SHQ HQGHG VRQJ OHDUQLQJ LQ D

7XPHU (& DQG 06 %UDLQDUG 3HUIRUPDQFH YDULDELOLW\ HQDE

ELUGVRQJ 1DWXUH b

%UHQRZLW] ( $ (YROXWLRQ RI WKH YRFDO FRQWURO V\VWHP LQ Wk

1IRWWHERKP ) 7KH QHXUDO EDVLV Rl ELUGVRQJ 3/R6 %LRORJ\ H

%DOO *) DQG 6 $ ODFGRXJDOO 6KDFNOHWRQ 6H[ GLIIHUHQFHV Lt

OHDUQHG DQG ZKHUH GR ZH JR" OLFURVF 5HV 7HFK b

*HQWQHU 7 4 DQG ' ODUJROLDVK 1HXURQDO SRSXODWLRQV DQG

REMHFWV 1DWXUH p

1DJHO ., DQG $ - 'RXSH 7HPSRUDO SURFHVVLQJ DQG DGDSWDWL

1HXURQ b

%ROKXLV -- DQG 6 ORRUPDQ %LUGVRQJ PHPRU\ DQG WKH EUDLQ

%LREHKDY 5HY b

%ROKXLV - - DQG 0 *DKU 1HXUDO PHFKDQLVPV RI ELUGVRQJ PHP]

ORRUPDQ 6 & 9 OHOOR DQG - - %ROKXLV JURP VRQJV WR V\QDS

PHPRU\ %LRHVVD\V b

X1\ '/ *( %HQWOH\ DQG *) %DOO 'RHV VH[ RU SKRWRSHULRG!

UHVSRQVH WR VRQJ LQ (XURSHDQ VWDUOLQJV" %UDLQ 5HV =

3KLOOPRUH /6 $6 9H\WH\ DQG 6 3 5RDFK =HQN H[SUHVVLRQ LG

EUHHGLQJ FRQGLWLRQ LQ PDOH %ODFN FDSSHG FKLFNDGHHV 3RHFLOH

1IRWWHERKP ) 70 6WRNHV DQG & 0 /HRQDUG &HQWUDO FRQWU

- &RPS 1HXURO b

.RIKHYQLNRY $$ DQG 0 6 )HH 6LQJLQJ UHODWHG DFWLYLW\ RI LC

1HXURSK\VLRO b

%UHQRZLW] ( $ 3ODVWLFLW\ Rl WKH DGXOW DYLDQ VRQJ FRQWURO

'RXSH $ - ' - 3HUNHO $ 5HLQHU DQG ($ 6WHUQ %LUGEUDLQYV

QHZ VRQJ 7UHQGV 1HXURVFL b

ORRQH\ 5 - 3UDWKHU DQG 7 5REHUWYV 1HXURSK\VLRORJ\ Rl ELUGVR

%\UQH HG /HDUQLQJ DQG OHPRU\ $ &RPSUHKHQVLYH 5HIHUHQFH $FD

"KLWH 6 $ /HDUQLQJ WR FRPPXQLFDWH &XUU 2SLQ 1HXURELRO

%UHQRZLW] ($ DQG 6 01 :RROOH\ 7KH DYLDQ VRQJ FRQWURO V\

LQ QHXUDO VWUXFWXUH DQG IXQFWLRQ SS b ,Q 71 3DUNV (: ¢

3ODVWLFLW\ Rl WKH $XGLWRU\ 6\VWHP 6SULQJHU 1HZ <RUN 86%

6FKDUIl & DQG ) 1RWWHERKP $ FRPSDUDWLYH VWXG\ Rl WKH EHK

SDUWV RI WKH JHEUD ILQFK VRQJ VIVWHP LPSOLFDWLRQV IRU YRFDO O}l

7UDPRQWLQ $ ' DQG ($ %UHQRZLW] 6HDVRQDO SODVWLFLW\ LQ V
[5)

1RUGHHQ .: DQG (- 1RUGHHQ 6\QDSWLF DQG PROHFXODU PHFKD

OHDUQLQJ $QQ 1 < $FDG 6FL b

%HUULGJH . & 7KH GHEDWH RYHU GRSDPLQH&V UROH LQ UHZDUG \

3V\FKRSKDUPDFRORJ\ b

. XELNRYD / DQG / .R#WEO 'RSDPLQHUJLF VIVWHP LQ ELUGVRQJ OF

1HXURDQDW b

6KHD 6 ' DQG ' ODUJROLDVK %HKDYLRUDO VWDWH GHSHQGHQW U

DFWLYLW\ DQG FKROLQHUJLF V\VWHPV - &KHP 1HXURDQDW b

6DUDYDQDQ 9 /$ +RIIPDQQ $/ -DFRE * - %HUPDQ DQG 6 - 6REHU
YRFDO DFRXVWLFV DQG GLVUXSWV VHQVRULPRWRU DGDSWDWLRQ LQ VR

+RIIPDQQ /$ 9 6DUDYDQDQ $1 :RRG / +H DQG 6 - B6REHU 'R
OHDUQLQJ - 1HXURVFL b

3X]JHUH\ 3$ . ODKHU 1 3UDVDG DQG - + *ROGEHUJ 9RFDO OHD
VLIQDOLQJ LQ D PRWRU FRUWH[ OLNH QXFOHXV - 1HXURSK\VLRO

-DIIH 3, DQG 0 6 %UDLQDUG $FHW\OFKROLQH DFWV RQ VRQJELU(
H/LIH H

6KDQQRQ * 0) OF.HQQD / 0 $QIJHORQL .5 &URRNYV .0 JULVWUXS

RI WZR GHFDGHV RI UHVHDUFK GRFXPHQWLQJ WKH HIIHFWV RI QRLVH RC

$UUR\R 6ROV $ -0 &DVWLOOR ( J)LIXHURD -/ /uSH] 6£EQFKH] DQG

HYLGHQFH IRU DQ LPSDFW RI DQWKURSRJHQLF QRLVH RQ GDZQ FKRUXYV
b

*LO ! 0 +RQDUPDQG - 3DVFXDO ( 3«UH] OHQD DQG & ODF DV *DUF
DGYDQFH WKHLU GDZQ FKRUXY DQG UHGXFH RYHUODS ZLWK DLUFUDIW (
IHPHWK ( 1 3LHUHWWL 6 $ =ROOLQJHU 1 *HEHU]DKQ - 3DUWHEN

DQWKURSRJHQLF QRLVH YRFDO FRQVWUDLQWY PD\ H[SODLQ ZK\ ELUGV
6RF %



"'D] O $ 3DUUD DQG & *DOODUGR 6HULQVY UHVSRQG WR DQWKURF
%HKDY (FRO =)

3URSSH ' 6 07 $YH\ 0O +RHVFKHOH 0. ORVFLFNL 7 )DUUHOO &
FKLFNDGHHY 3RHFLOH DWULFDSLOOXV VLQJ DW KLJKHU SLWFKHV ZLWK

GHFUHDVLQJ FDQRS\ FRYHU - $YLDQ %LRO b

'"HUU\EHUU\ (3 -1 3KLOOLSV * ( 'HUU\EHUU\ 0 - %OXP DQG ' /XW|

%LUGY UHVSRQG WR D KDOl FHQWXU\ VRXQGVFDSH UHYHUVLRQ GXULQJ

/IDXD\ & 10 *HUODFK ( $GNLQV 5HJDQ DQG 7 - 'H9RRJG YHPDO

VRQJ H[SRVXUH WR SUHIHU KLJK TXDOLW\ VRQJ DV DGXOWV $QLP %HKI

+DOIZHUN : /-0 +ROOHPDQ &0 /HVVHOOV DQG + 60ODEEHNRRUQ

DYLDQ UHSURGXFWLYH VXFFHVV - $SSO (FRO b

/JHRQDUG 0/ DQG $ * +RUQ 'RHV DPELHQW QRLVH DIIHFW JURZWK

ELUGV" %HKDY (FRO b

6FKURHGHU - 6 1DNDJDZD ,5 &OHDVE\ DQG 7 %XUNH 3DVVH

H[SHULHQFH UHGXFHG ILWQHVV 3/R6 2QH H

)XQDELNL < DQG 0 .RQLVKL /RQJ PHPRU\ LQ VRQJ OHDUQLQJ E\ =
b

.ULHQJZDWDQD % + :DGD ./ 6FKPLGW O0' 7DYHV .. 6RPD DQG 6

(IITHFWV Rl QXWULWLRQDO VWUHVV GXULQJ GLIIHUHQW GHYHORSPHQWD

DGUHQDO D[LV LQ =HEUD )LQFKHV +RUP %HKDY b

ODF'RXJDOO 6KDFNOHWRQ 6 $ DQG . $ 6SHQFHU '"HYHORSPHQWDOC

DQG IXWXUH GLUHFWLRQV - 2UQLWKRO b

6FKPLGW ./ ($ ODF'RXJDOO 6KDFNOHWRQ 6 3 .XEOL DQG 6 $ ODF'F
'"HYHORSPHQWDO VWUHVV FRQGLWLRQ DQG ELUGVRQJ D FDVH VWXG\ L
6FKPLGW ./ 6' ORRUH ($ ODF'RXJDOO 6KDFNOHWRQ DQG 6 $ ODF'F
VWUHVV DIIHFWV VRQJ FRPSOH[LW\ VRQJ OHDUQLQJ DQG YROXPH RI WK
$QLP %HKDY b

.OHLVW 1 - 53 *XUDOQLFN $ &UX] & $ /RZU\ DQG & ' )UDQFLV
GLVUXSWV JOXFRFRUWLFRLG VLJQDOLQJ DQG KDV PXOWLSOH HIIHFWV R
H by

=ROOLQJHU 6% $ 'RUDGR &RUUHD : *R\PDQQ : )RUVWPHLHU 8 .(
7UDIILF QRLVH H[SRVXUH GHSUHVVHV SODVPD FRUWLFRVWHURQH DQG G
&RQVHUY 3K\VLRO FR]

'XSRQW 6 0 -. *UDFH 2 /RXUGDLV ) %ULVFKRX[ DQG ) $QJHOLHU
HQJLQH LPSDFW RI HDUO\ OLIH FRUWLFRVWHURQH H[SRVXUH RQ DGXOW
GRPHVWLFXV - ([S %LRO MHE

%ULVFKRX[ ) $ OHLOO2UH $ 'XSRX« 2 /RXUGDLV DQG ) $QJHOLHU
PHWDEROLF UDWHV LQ DQ XUEDQ H[SORLWHU - $YLDQ %LRO b
5DDS 7 5 3LQ[WHQ * &DVDVROH 1 'HKQKDUG DQG 0 (HQV $P
OLJKW LV DVVRFLDWHG ZLWK WKH HFRSK\VLRORJ\ RI ITUHH OLYLQJ VRQJ
*UXQVW 0/ $6 *UXQVW 5 3LQ[WHQ DQG 0 (HQV $QWKURSRJIH!
OHQJWK DQG FDURWHQRLG EDVHG FRORUDWLRQ LQ IUHH OLYLQJ QHVWC
&DVDVROH * 7 5DDS ' &RVWDQWLQL + $EG(0JDZDG + $VDUG 5
OLJKW DW QLJKW DQWKURSRJHQLF QRLVH QRU GLVWDQFH IURP URDGYV
DQ XUEDQ SRSXODWLRQ RI VRQJELUGV &RPS %LRFKHP 3K\VLRO 3DUW

+RUQ $* 0 $LNHQV ( -DPLHVRQ . .LQJGRQ DQG 0/ /HRQDUG
FDOO GLVFULPLQDWLRQ E\ QHVWOLQJ WUHH VZDOORZV 7DFK\FLQHWD E
ORVHOH\ '/ * ( 'HUU\EHUU\ -1 3KLOOLSV - ( 'DQQHU 50 'DQQHU
DGDSWDWLRQ WR FLW\ QRLVH WKURXJK YRFDO OHDUQLQJ E\ D VRQJELU
1RZLFNL 6 6 3HWHUV DQG - 3RGRYV 6RQJ OHDUQLQJ HDUO\ QXW
,QWHJU &RPS %LRO b

1RZLFNL 6 :$ B6HDUF\ DQG 6 3HWHUYV %UDLQ GHYHORSPHQW VI

UHYLHZ DQG H[SHULPHQWDO WHVW RI WKH ¢cQXWULWLRQDO VWUHVV K\S
%XFKDQDQ ./ 6 /HLWQHU .$ 6SHQFHU $ 5 *ROGVPLWK DQG & . &
VHOHFWLYHO\ DITHFWV WKH VRQJ FRQWURO QXFOHXV +9& LQ WKH JHEUL
+RQDUPDQG O & . TKRPSVRQ $ 6FKDWWRQ 6 .LSSHU DQG & 6FKDU
QHIJDWLYHO\ DITHFWV QHXURQDO UHFUXLWPHQW WR DYLDQ VRQJ V\VWH
ODF'RQDOG , ) % .HPSVWHU / =DQHWWH DQG 6 $ ODF'RXJDOO 6KDF
LPSDLUVY GHYHORSPHQW RI D VRQJ FRQWURO EUDLQ UHJLRQ LQ ERWK P/
PHORGLD DW WKH RQVHW RI VRQJ OHDUQLQJ 3URF 5R\DO 6RF %

5REHUWVRQ % $ /| 5DWKERQH * &LULOOR 5 % '4(DWK 0 %DWHVF
UHGXFHV QHXURJHQHVLYV LQ WKH DYLDQ KLSSRFDPSDO IRUPDWLRQ 3/R



)DUUHOO 70 0$ & 1HXHUW $ &XL DQG 6 $ ODF'RXJDOO 6KDFNOHWF
IHPDOH VRQJELUGAY EHKDYLRXUDO DQG QHXUDO UHVSRQVH WR D VH[XEC
6FKPLGW ./ (6 OF&DOOXP ($ ODF'RXJDOO 6KDFNOHWRQ DQG 6 $ O
VWUHVV DIIHFWV WKH EHKDYLRXUDO DQG QHXUDO UHVSRQVH RI IHPDOH
b
%HOO % $ 0/ 3KDQ $ OHLOO2UH - . (YDQV 6 /HLWQHU '6 9LFD
QXWULWLRQDO VWUHVV RQ VRQJELUG PHPRU\ IRUPDWLRQ 3URF 5R\DO
&DUR 7 - 'DUZLQ 7 )RUUHVWHU & /HGRX[ %ORRP DQG & :HOOV
Ss b ,Q * :XHUWKQHU ( &ULVW DQG 7 %XWOHU HGV .HHSLQJ \
(DUWK )RXQGDWLRQ IRU 'HHS (FRORJ\ 6DQ )UDQFLVFR 86$%
.HNNRQHQ - ,. +DQVNL 5 $ 9DLVDQHQ DQG - ( %URPPHU IHYH
6SDUURZV 3DVVHU GRPHVWLFXV IURP XUEDQ DQG UXUDO KDELWDWV R
7HUERUJK - 'K\ $PHULFDQ VRQJELUGV DUH YDQLVKLQJ 6FL $P
OLQHDX 3 DQG 0 :KLWHVLGH 3HVWLFLGH DFXWH WR[LFLW\ LV D E
WKDQ DJULFXOWXUDO LQWHQVLILFDWLRQ 3/R6 2QH H
'DXZH 7 | %HUYRHWV 5 %OXVW 5 3LQ[WHQ DQG 0 (HQV &DQ
VRQJELUGV EH XVHG DV ELRPRQLWRUV IRU KHDY\ PHWDO SROOXWLRQ" ¢
*XLIXHQR 0) DQG .- )HUQLH %LUGV DQG IODPH UHWDUGDQWV LC
KLVWRULFDO DQG QRYHO IODPH UHWDUGDQWV (QYLURQ 5HV p
6LOHR / : 1HOVRQ %H\HU DQG 5 ODWHR 3DQFUHDWLWLV LQ ZLO
b
9DOOYHUGY &ROO 1 5 ODWHR ) ORXJHRW DQG 0 ( 2UWL] 6DQWDOLF
ELUGV 6FL 7RWDO (QYLURQ p
*LO 6EQFKH] -0 6 OROOHGD - $ 6£QFKH] =DSDWD - %DXWLVWD
VSRUW KXQWLQJ WR EUHHGLQJ VXFFHVV SDWWHUQV RI OHDG DPPXQLW
UDSWRU 6FL 7RWDO (QYLURQ b b
6WHZDUW )0 5 : )XUQHVV DQG /5 ORQWHLUR 5HODWLRQVKLSV
FRQFHQWUDWLRQV LQ OHVVHU %ODFN EDFNHG *XOOV /DUXV IXVFXV DC
(QYLURQ &RQWDP 7R[LFRO b
(FNER 1 & /H %RKHF 9 30DQDV %LHOVD 1 $ :DUQHU 4 B6FKXOO
YDULDELOLW\ LQ FRQWDPLQDQWY DQG SK\WVLRORJLFDO VWDWXV LQ D U}
b
*RULVVHQ / 7 B6QRHLMV ( 9DQ 'X\VH DQG 0 (HQV +HDY\ PHWDC
EHKDYLRXU LQ D VPDOO SDVVHULQH ELUG 2HFRORJLD b
+DOOLQJHU .. '- =DEUDQVN\ .$ .DJPHUDQG'$ &ULVWRO % L
SROOXWHG DQG UHIHUHQFH VLWHV $XN b
OF.D\ -/ DQG &5 ODKHU 5SHODWLRQVKLS EHWZHHQ EORRG PHUFX
LQ 1HOVRQ4V VSDUURZV $PPRGUDPXV QHOVRQL (FRWR[LFRORJ\
<X 06 0/ (QJ 7' :LOOLDPV 0 ) *XLJXHQR DQG - ( (OOLRWW
EHKDYLRXUDO HIIHFWV RI LQ RYR PHWK\OPHUFXU\ H[SRVXUH LQ =HEUD

b
'"KLWQH\ 0 & DQG '$ &ULVWRO ,PSDFWV RI VXEOHWKDO PHUFXU\
(QYLURQ &RQWDP 7R[LFRO b

*UDQGMHDQ 3 DQG 3 - /DQGULJIDQ 1HXUREHKDYLRXUDO HIIHFWV

b

/IDZ 5- $ &RYDFL 6 +DUUDG ' +HUJNH 0$ ( $EGDOODK . )HUQLI
3%'(V DQG +%&'V LQ WKH JOREDO HQYLURQPHQW 6WDWXV DW WKH HQG
7RQJXH $': 6 - 5H\QROGV .- )HUQLH DQG 6 +DUUDG YODPH L
LQ ZLOG ELUGY DVVRFLDWHG ZLWK ODQGILOO D FULWLFDO UHYLHZ (Q)
(QJ 0/ 9 :LQWHU - ( (OOLRWW 6 $ ODF'RXJDOO 6KDFNOHWRQ DQG

WR HQYLURQPHQWDOO\ UHOHYDQW FRQFHQWUDWLRQV RI D EURPLQDWH

QXFOHL LQ D VRQJELUG 'HY 1HXURELRO P

(Q) 0/ -( (OOLRWW 6 $ ODF'RXJDOO 6KDFNOHWRQ 5 - /HWFKHU D
SHQWDEURPRGLSKHQ\O HWKHU %" ( DIIHFWV PDWLQJ EHKDYL

[5)

‘DONHU & + 1HXURWR[LF SHVWLFLGHY DQG EHKDYLRXUDO HIIHFWYV

5LFKDUGVRQ -5 9 )LWVDQDNLV 5+ 6 :HVWHULQN DQG $ * .DQWKD\

$FWD 1HXURSDWKRO P

,ZDQLXN $ 1 '7 .RSHUVNL .0 &KHQJ - ( (OOLRWW /. 6PLWK /.

HQYLURQPHQWDO H[SRVXUH WR "7 RQ WKH EUDLQ RI D VRQJELUG FKDQ

VRQJ %HKDY %UDLQ 5HV b

+DOOPDQQ & $ 53 % )RSSHQ & $0 YDQ 7XUQKRXW + GH .URRQ D(

LQVHFWLYRURXV ELUGYV DUH DVVRFLDWHG ZLWK KLJK QHRQLFRWLQRLG



(UWO + 0+ 0$ ORUD '- %ULJKWVPLWK DQG -$ 1DYDUUR $OEHUWR
XVH RQ 1IRUWKHUQ EREZKLWH &ROLQXV YLUJLQLDQXV LQ 7H[DV $ KLV\
&RVWD / * * *LRUGDQR 0 *XL]]JHWWL DQG $ 9LWDORQH 1HXUR
%LRVFL b
*UXH & ( 3/ *LEHUW DQG 0 ( 6HHOH\ 1HXURSK\VLRORJLFDO DQC¢
ZLOGOLIH H[SRVHG WR RUJDQRSKRVSKDWH DQG FDUEDPDWH SHVWLFLGH
UHSURGXFWLRQ ,QWHJU &RPS %LRO b
%XVE\ '* /0 :KLWH DQG 3 $ 3HDUFH (IIHFWV RI DHULDO VSUD\L
WKURDWHG 6SDUURZV - $SSO (FRO b
%XVE\ '* /0 :KLWH DQG 3 $ 3HDUFH %UDLQ DFHW\OFKROLQHVV
H[SRVHG WR D QHZ PHWKRG Rl 88/9 IHQLWURWKLRQ VSUD\LQJ $UFK (Q°
%XVE\ '* 6 % +ROPHV 3 $ 3HDUFH DQG 5 $ )OHPLQJ 7KH HIIH
RQ EUDLQ FKROLQHVWHUDVH DFWLYLW\ LQ IRUHVW VRQJELUGV $UFK (
'KLWH '+ DQG -7 6HJLQDN %UDLQ FKROLQHVWHUDVH LQKLELWLF
ZLWK SKRVDORQH DQG GLVXOIRWRQ - :LOGO 'LV b
5RJHUV .+ 6 OFOLOOLQ .- 20VWDG DQG 5 + 3RSSHQJD ,PLGD
IROORZLQJ D '"UHQFK DSSOLFDWLRQ Rl WUHHV LQ D UHVLGHQWLDO QHLJ
[
%HDQ 7 * 06 *URVV 1. .DURXQD 5HQLHU 3 )3 +HQU\ 6/ B6FKXO)
7R[LFRNLQHWLFV Rl LPLGDFORSULG FRDWHG ZKHDW VHHGV LQ -DSDQHV
KD]DUG (QYLURQ 6FL 7HFKQRO b
JLX 0 * :DQJ 6 < =KDQJ 6 =KRQJ * / 4L & - :DQJ HW DO
ZLWK QHXURJHQHVLYV WKURXJK LPSDFWLQJ RQ FKLFN QHXUDO WXEH FHC
6ODEEHNRRUQ + DQG ($ 3 5LSPHHVWHU %LUGVRQJ DQG DQWKUR
DSSOLFDWLRQV IRU FRQVHUYDWLRQ ORO (FRO b
%OLFNOH\ -/ DQG */ 3DWULFHOOL ,PSDFWV RI DQWKURSRJHQLF
GHYHORSPHQW RI VWDQGDUGY DQG PLWLJDWLRQ - ,QW :LOGO /DZ 3R
JHUUDUL 0&2 0, OF&RUPLFN O * OHHNDQ 6 ' 6LPSVRQ 6/ 1HGH
LV RXW RQ QRLV\ UHHIV WKH HIIHFW Rl ERDW QRLVH RQ SUHGDWRU OH!
5R\DO 6RF %

&DUVRQ 5 6LOHQW 6SULQJ )RUWLHWK $QQLYHUVDU\ (GLWLRQ +RX
SDWFOLIIH ' $ &KDQJHV DWWULEXWDEOH WR SHVWLFLGHV LQ HJJ E
VRPH %ULWLVK ELUGV - $SSO (FRO b

+HOORX - 0 /HEHXI DQG 0 5XGL 5SHYLHZ RQ "7 DQG PHWDEROLMW
HFRV\WWHPV (QYLURQ 5HY b

)DUPHU & - /- *RRGULFK (5 ,Q]XQ]D DQG -3 B6PLWK &RQVHUY
RI SUH\ SsS b Q ./ %LOGVWHLQ -3 6PLWK ,( 5XHODV 55 9

%LUGV RI 3UH\ 6HULHV LQ 2UQLWKRORJ\ 1XWWDOO 2UQLWKRORJLFDO
':DVKLQJWRQ ' & 86%$

GH ORQWDLJX & 7 DQG ' *RXOVRQ ,GHQWLI\LQJ DJULFXOWXUDO S
3HHU- H

5R\ & / DQG 3/ &R\ :LOGOLIH FRQVXPSWLRQ RI QHRQLFRWLQRLG
(QYLURQ 5HV

(QJ 0/ % -0 BWXWFKEXU\ DQG & $ ORUULVVH\ $ QHRQLFRWLQR
PLJUDWLRQ LQ VRQJELUGV 6FLHQFH b

9HUIXVV 8 . & ( 6SDUOLQJ & $UQRW $ -XGG DQG 0 &R\OH 5F
PRQLWRULQJ DQG PLWLJDWLRQ ZLWK UHJDUG WR PDULQH PDPPDOV SS
7KH (IITHEWV RI 1RLVH RQ $TXDWLF /LIH ,, 6SULQJHU 1HZ <RUN 86%
-HW] : ' 6 :LOFRYH DQG $ 3 'REVRQ 3URMHFWHG LPSDFWV RI FC
JOREDO GLYHUVLW\ Rl ELUGV 3/R6 %LRO H

3LPP 6/ &1 -HQNLQV 5 $EHOO 70 %URRNV -/ *LWWOHPDQ /1
VSHFLHVY DQG WKHLU UDWHV Rl HIWLQFWLRQ GLVWULEXWLRQ DQG SUR\
%RQQRW 7: :$ &R[ )5 7KRPSVRQ DQG - - OLOOVSDXJK 7KUHI

SRSXODWLRQ WKURXJK LWV LPSDFWV RQ EUHHGLQJ 1DW &OLP &KDQJF

SHUVRQDOLW\ DQG %HKDYLRXUDO 6\QGURPHV

SRWYLQ ' $ &RSLQJ ZLWK D FKDQJLQJ VRXQGVFDSH DYRLGDQFH D
b
‘'RQJ % % 0 DQG 8 &DQGROLQ %WHKDYLRUDO UHVSRQVHV WR FKDQ

b



OF&OXUH & - : + ( :DUH - &DUOLVOH * .DOWHQHFNHU DQG -5 %Dl
LQWR WKH HIITHFWV RI WUDIILF QRLVH RQ GLVWULEXWLRQV RI ELUGV D)

&LQWR OHMLD ( & - . OF&OXUH DQG -5 %DUEHU /DUJH VFDOH P
FDQ DOWHU WKH DEXQGDQFH RI EUHHGLQJ ELUGYV HYLGHQFH IURP D SK
[5)

OF.LQQH\ O / SUEDQL]DWLRQ ELRGLYHUVLW\ DQG FRQVHUYDWLRQ
VSHFLHY DUH SRRUO\ VWXGLHG EXW HGXFDWLQJ D KLJKO\ XUEDQL]HG ¥
LPSURYH VSHFLHVY FRQVHUYDWLRQ LQ DOO HFRV\VWHPV %LR6FLHQFH
'RPLQRQL " O % +HOP 0 /HKPDQQ + % 'RZVH DQG - 3DUWHFNH
GLIIHUHQFHVY EHWZHHQ IRUHVW DQG FLW\ VRQJELUGY 3URF 5 6RF %
.HPSHQDHUV % 3 %RUJVWU, P 3 /R-V ( 6FKOLFKW DQG 0 9DOFX
VRQJ H[WUD SDLU VLULQJ VXFFHVV DQG OD\ GDWH LQ VRQJELUGV &XU

0°00HU $ 3 )OLJKW GLVWDQFH RI XUEDQ ELUGY SUHGDWLRQ DQG
b

&RRNH $ 6 2EVHUYDWLRQV RQ KRZ FORVH FHUWDLQ SDVVHULQH VS

UXUDO DQG VXEXUEDQ DUHDV %LRO &RQVHUY b

0°0O0HU $ 3 DQG - ' ,E£3H] fODPR (VFDSH EHKDYLRXU RI ELUGV S|

LQYROYHG LQ XUEDQL]JDWLRQ $QLP %HKDY b

OLUDQGD $ & + 6FKLHO]JHWK 7 6RQQWDJ DQG - 3DUWHFNH 8U |

WUDLWYV D UHVXOW RI PLFURHYROXWLRQ RU SKHQRW\SLF SODVWLFLW\"

JRZU\ + $ /LOO DQG % % 0 :RQJ %HKDYLRXUDO UHVSRQVHV RI Z

b

&DUOLHU 3 DQG /HIHEYUH / (FRORJLFDO GLIIHUHQFHV LQ VRFLDO

SRSXODWLRQV RI JHQDLGD GRYHV (WKRORJ\ b

%UXPP + DQG 6 $ =ROOLQJHU $YLDQ YRFDO SURGXFWLRQ LQ QRL

&RPPXQLFDWLRQ DQG 1RLVH 6SULQJHU %HUOLQ

6ODEEHNRRUQ + DQG 0 3HHW %LUGV VLQJ DW D KLJKHU SLWFK L

+DPDR 6 0 :DWDQDEH DQG < ORUL BUEDQ QRLVH DQG PDOH GHC

PDMRU (WKRO (FRO (YRO b

6ODEEHNRRUQ + DQG $ GHQ %RHU 9LVVHU &LWLHV FKDQJH WKH

=ROOLQJHU 6% 3 -% 60DWHU ( 1HPHWK DQG + %UXPP +LIKH

LQGLYLGXDO UHVSRQVH WR QRLVH 3URF 5 B6RF %

/ILX < 6% =ROOLQJHU DQG + %UXPP &KURQLF H[SRVXUH WR XUE

GRHV QRW OHDG WR LQFUHDVHG VRQJ IUHTXHQFLHV LQ JHEUD ILQFKHYV

IXWKHU '$ DQG (3 'HUU\EHUU\ %LUGVRQJV NHHS SDFH ZLWK FLV

XUEDQ VRQJELUG DIIHFWV FRPPXQLFDWLRQ $QLP %HKDY b

ORVHOH\ '/ * ( 'HUU\EHUU\ -1 3KLOOLSV - ( 'DQQHU 50 'DQQHL

DGDSWDWLRQ WR FLW\ QRLVH WKURXJK YRFDO OHDUQLQJ E\ D VRQJELU

%HUPXGH] &XDPDWI]LQ ( $ $ 5LRV &KHOHQ ' *LO DQG & 0 *DUFLD

WLPH VRQJ IUHTXHQF\ VKLIW LQ UHVSRQVH WR XUEDQ QRLVH LQ D SDVV

=ROOLQJHU 6% - 3RGRV ( 1HPHWK ) *ROOHU DQG + %UXPP

PHDVXUHPHQW RI DPSOLWXGH DQG IUHTXHQF\ LQ ELUGVRQJ $QLP 9%HF

%BUXPP + &DXVHV DQG FRQVHTXHQFHV Rl VRQJ DPSOLWXGH DGMXV

QLJKWLQJDOHV $Q $FDG %UDV &L-QF b

BRWYLQ '$ DQG 5% OXOGHU ,PPHGLDWH LQGHSHQGHQW DGMXVV

UHVSRQVH WR YDU\LQJ EDFNJURXQG QRLVH E\ VLOYHUH\HVY =RVWHURS\

9HU]JLMGHQ 0 1 ($3 5LSPHHVWHU 95 2KPV 3 6QHOGHUZDDUG DQ

VSHFWUDO IOH[LELOLW\ LQ VLQJLQJ FKLIIFKDIIV GXULQJ H[SHULPHQWDC
p

:HLVV $ DQG '0 $OWVFKXO OHWKRGV DQG DSSOLFDWLRQV RI DQL

- &DOO HG +DQGERRN RI &RPSDUDWLYH 3V\FKRORJ\ 9RO %DVLF &

%HKDYLRU $PHULFDQ 3V\FKRORJLFDO $VVRFLDWLRQ :DVKLQJWRQ ' &

IDPDUFN - % =RRORJLFDO 3KLORVRSK\ 8QLYHUVLW\ RI &KLFDJF
'DUZLQ & 7KH ([SUHVVLRQ RI WKH (PRWLRQV LQ 0DQ DQG $QLPDOV
7LQEHUJHQ 1 7KH 6WXG\ Rl ,QVWLQFW 2[IRUG 8QLYHUVLW\ 3UHVV
OXUSK\ * 3HUVRQDOLW\ D %LRVRFLDO $SSURDFK WR 2ULJLQV DQG
1HZ <RUN

<HUNHV 5 0 7KH OLIH KLVWRU\ DQG SHUVRQDOLW\ Rl WKH FKLPSDC
&DUHUH & DQG ' ODHVWULSLHUL $QLPDO 3HUVRQDOLWLHV %HKD
&KLFDJR 3UHVV &KLFDJR

5«<DOH ' 60 5HDGHU ' 6RO 3 7 OF'RXJDOO DQG 1 - 'LQJHPDQVH

WHPSHUDPHQW ZLWKLQ HFRORJ\ DQG HYROXWLRQ %LRO 5HY [



'DYLHV 1% -5 .UHEV DQG 6 $ :HVW $Q ,QWURGXFWLRQ WR %HFk
2[IRUG

%HOO $0 6 - +DQNLVRQ DQG ./ /DVNRZVNL 7KH UHSHDWDELOL
%HKDY b

'LQJHPDQVH 1 - $-1 .DJHP ' 5«DOH DQG - :ULJKW %HKDYLRX!I
SHUVRQDOLW\ PHHWV LQGLYLGXDO SODVWLFLW\ 7UHQGV (FRO (YROXW
'LQJHPDQVH 1 - & %RWK 3 - 'UHQW . 9DQ 2HUV DQG $ - 9DQ 1RRU
KHULWDELOLW\ RI H{TSORUDWRU\ EHKDYLRXU LQ JUHDW WLWV IURP WKH
+DUYH\ (0 DQG 7 0 )UHHEHUJ %HKDYLRUDO FRQVLVWHQF\ LQ D F
FKLFNDGHHV - *HQ 3V\FKRO p

&DUWHU $ - : ( )HHQH\ + + ODUVKDOO * &RZOLVKDZ DQG 5 +HLQV
EHKDYLRXUDO HFRORJLVWV PHDVXULQJ" %LRO 5HY b

%RQWHU '1 DQG (6 %ULGJH $SSOLFDWLRQV RI UDGLR IUHTXHQF
UHVHDUFK D UHYLHZ - )LHOG 2UQLWKRO b

ORLURQ O .- ODWKRW DQG 1 - 'LQJHPDQVH 7R HDW DQG QRW E
VWUDWHJILHV LQ ZLQWHULQJ JUHDW WLWV 3URF 5 B6RF %

ODWKRW .- 0 1LFRODXV < * $UD\D $MR\ 1 - 'LQJHPDQVH DQG % .|
UDWH SUHGLFW ULVN WDNLQJ EHKDYLRXU" $ ILHOG H[SHULPHQW LQ D Z
&ROH () '/ &UDP DQG -/ 4XLQQ ,QGLYLGXDO YDULDWLRQ LQ V
DPRQJ ZLOG JUHDW WLWV $QLP %HKDY b

ORUDQG )HUURQ - () &ROH - ( & 5DZOHV DQG -/ 4XLQQ ‘KR D
H[SHULPHQW ZLWK SDVVHULQH VSHFLHV %HKDY (FRO b

YDQ 2YHUYHOG 7 DQG ( ODWWK\VHQ 3HUVRQDOLW\ SUHGLFWV VS
UDQJLQJ JUHDW WLWV 3DUXV PDMRU %LRO /HWW b

6FKOLFKW / 0 9DOFX DQG % .HPSHQDHUYV ODOH H[WUDWHUULWF
SDWWHUQ LQ EOXH WLWV &\DQLVWHVY FDHUXOHXV %HKDY (FRO [
'LONLQ 7$ /( .LQJDQG % & 6KHOGRQ +DELWDW TXDOLW\ QHV
JUHDW WLWYV 3DUXV PDMRU - $YLDQ %LRO b

OXW]HO $ 1 - 'LQJHPDQVH < * $UD\D $MR\ DQG % .HPSHQDHUYV

SOD\V D NH\ UROH LQ OLQNLQJ SHUVRQDOLW\ ZLWK UHSURGXFWLYH VXF
&KDUPDQWLHU $ 9 'HPH\ULHU 0 /DPEUHFKWVY 6 3HUUHW DQG $ *L
ZLWK GLYHUJHQFH LQ SDFH RI OLIH LQ JUHDW WLWV )URQW (FRO (YRC
5L\DKL 6 0 6£QFKH] '"HOJDGR ) &DODIHOO ' ORQN DQG - & 6HQDU
LQWUDVSHFLILF YDULDWLRQ RI WKH '5' DQG 6(57 JHQHV LQIOXHQFH QR
(SLIHQHWLFYV b

7U\MDQRZVNL 3 $ 3 0°00HU ) ORUHOOL : %LDGX 7 %UDX]H 0
QHRSKLOLD DQG ULVN WDNLQJ DW ELUG IHHGHUV 6FL 5HS b
6SUDX 3 DQG 1 - 'LQJHPDQVH $Q DSSURDFK WR GLVWLQJXLVK EH
GLVWULEXWLRQV RI EHKDYLRUDO W\SHV DORQJ XUEDQ JUDGLHQWYV LQ [
+ROWPDQQ % (6% 6DQWRV & ( /DUD DQG 6 1DNDJDZD 3HUVR
WKDQ EHKDYLRXUDO SODVWLFLW\ LV D OLNHO\ GULYHU RI D SKHQRW\S|

,VDNVVRQ & ,PSDFW RI XUEDQL]DWLRQ RQ ELUGVY KRZ WKH\ DULVH
7TLHW]H HG %LUG 6SHFLHV 6SULQJHU ,QWHUQDWLRQDO 3XEOLVKLQJ
%UDZQ -' DQG 53 %DOGD BRSXODWLRQ ELRORJ\ RI FDYLW\ QHVYV
EUHHGLQJ GHQVLWLHV" &RQGRU b

'XENZRUWK 5 % DQG $ 9 %DG\DHY &RXSOLQJ RI GLVSHUVDO DQG |
H[SDQVLRQ RI D SDVVHULQH ELUG 3URF 1DWO $FDG 6FL 8 6 $
"HVWQHDW ') 0, +DWFK '3 :HW]JHO DQG $/ (QVPLQJHU , QG LY
UHDFWLRQ QRUPYV ,QWHJUDWLRQ RI SHUVRQDOLW\ DQG SODVWLFLW\ $|
1J & 6 3 * '"HV %ULVD\ DQG 1 .RSHU &EKHVWQXW FROODUHG ORQ
SUHVHQFH RI FRQYHQWLRQDO RLO DQG JDV GHYHORSPHQW DQG URDGYV
+DOH 5 DQG 6 ( 6ZHDUHU (FRORJLFDO WUDSV FXUUHQW HYLGHQ

6FKURHGHU - 6 1DNDJDZD ,5 &OHDVE\ DQG 7 %XUNH 3DVVHU
H[SHULHQFH UHGXFHG ILWQHVV 3/R6 2QH H

6LK $ $ 0 %HOO - & -RKQVRQ DQG 5 ( =LHPED %HKDYLRUDO V
5HY % LRO b

'RFKWHUPDQQ 1 $ 7HVWLQJ &KHYHUXG&V FRQMHFWXUH IRU EHKDY!I
(YROXWLRQ b

6DOW] - % ) & +HVVHO DQG 0 : .HOO\ 7UDLW FRUUHODWLRQV LG

b



6QLMGHUV / (3 9DQ 5RRLM 0)$ +HQVNHQV . 9DQ 2HUV DQG 0 1C
EHKDYLRXU GXULQJ WHUULWRU\ FRQIOLFWYV LQ SHUVRQDOLW\ W\SHG JU

1DJXLE O $ .D]HN 6 9 6FKDSHU . YDQ 2HUV DQG 0 ( 9LVVHU
WUDLWYV LQ JUHDW WLWV (WKRORJ\ b
$P\ O 3 6SUDX 3 'H *RHGH DQG 0 1DJXLE (I 'THFWV RI SHUVRQD

FRPPXQLFDWLRQ QHWZRUNV D SOD\EDFN H[SHULPHQW ZLWK UDGLR WD.
p

%RNRQ\ 9 $ .XOFVDU = 7RWK DQG $ /LNHU 3HUVRQDOLW\ WUTE
XUEDQL]HG SRSXODWLRQV RI KRXVH VSDUURZV 3DVVHU GRPHVWLFXV
6FDOHV - - +\PDQ DQG 0 +XJKHV %HKDYLRUDO VI\QGURPHV EUH
SRSXODWLRQV (WKRORJ\ b

(YDQV - . %RXGUHDX DQG - +\PDQ %HKDYLRXUDO VIQGURPHV L
VSDUURZV (WKRORJ\ b

YROW] 6/ $( 5RVV % 7 /DLQJ 53 5RFN . ( %DWWOH DQG , 7 ORF
DJJUHVVLRQ LQ XUEDQ VRQJ VSDUURZV LV UHODWHG WR UHVRXUFH DYD
5L\DKL 6 0 %M, UNOXQG ) ODWHRV *RQ]JDOH] DQG - & 6HQDU 3
WUDLWV DQG '5' 613 SRO\PRUSKLVPV LQ JUHDW WLWV LQ %DUFHORQTE
ODWKRW .- DQG 1 - 'LQJHPDQVH 30DVWLFLW)\ DQG SHUVRQDOLW!
*KDODPERU HGV ,QWHJUDWLYH 2UJDQLVPDO %LRORJ\ :LOH\ 6FLHQWLI
1XVVH\ '+ DQG ( 3RVWPD 3 *LHQDSS DQG 0 ( 9LVVHU 6HOHFWL
D ZLOG ELUG SRSXODWLRQ 6FLHQFH =

'"HYLFKH 3 DQG 6 'DYLHV 5HSURGXFWLYH SKHQRORJ\ Rl XUEDQ E|I
PHFKDQLVPV SS b ,Q ' *LO DQG + %UXPP HGV $YLDQ S8UEDQ (FR
2[IRUG

.RUVWHQ 3 7 9DQ 2YHUYHOG ) $GULDHQVHQ DQG ( ODWWK\VHQ
DQG H[SORUDWRU\ EHKDYLRXU LQ D ZLOG ELUG 1DW &RPPXQ

9HUEHHN 0 (0 3 - 'UHQW DQG 35 :LHSNHPD &RQVLVWHQW LQGI
EHKDYLRXU Rl PDOH JUHDW WLWV $QLP %HKDY b

7KRPSVRQ 0 - DQG - & (YDQV 6 3DUVRQV DQG - ORUDQG )HUURQ
GLIIHUHQFHV LQ H[SORUDWLRQ DQG SODVWLFLW\ %HKDY ( FRO =
*XLOOHWWH /0 $5 5HGGRQ O +RHVFKHOH DQG & % B6WXUG\ 6
H[SORULQJ ELUGYV DUH PRUH VHQVLWLYH WR FKDQJHV LQ D YRFDO GLVF
OLFKHODQJHOL 0 - &RWH '* &KDSSOH $ 6LK 7 %URGLQ 6 )RJID
SHUVRQDOLW\ LQ WZR LQYDVLYH VSHFLHV Rl PRVTXLWRILVK %LRO ,QY
%URGLQ 7 0, /LQG O . :LEHUJDQG ) -RKDQVVRQ 3HUVRQDOL\
DQG LVODQG SRSXODWLRQV LQ WKH FRPPRQ IURJ 5DQD WHPSRUDULD
‘ROl 0 DQG ) - :HLVVLQJ $Q H[SODQDWRU\ IUDPHZRUN IRU DGDSW
7UDQV 5 6RF % b

6LK $ .- ODWKRW 0 ORLUNQ 3 2 ORQWLJOLR 0 :ROIDQG 1 - 'LQ
VWDWHPEHKDYLRXU IHHGEDFNV D UHYLHZ DQG JXLGH IRU HPSLULFLVW"
‘"HW]HO '3 DQG ') :HVWQHDW 3DUHQWDO FDUH VIQGURPHV LQ KF
EHWZHHQ SURYLVLRQLQJ DQG GHIHQVH OLQNHG WR SDUHQW LGHQWLW\
5RMDV )HUUHU , DQG - ORUDQG )HUURQ 7KH LPSDFW RI OHDUQLQ
OHDUQLQJ DQG GHFLVLRQ PDNLQJ DQ H[SHULPHQW ZLWK SDVVHULQH E

+HOP % DQG O ( 9LVVHU +HULWDEOH FLUFDGLDQ SHULRG OHQJWI
b

.HOOHKHU 65 $- 6LOOD DQG 3 * %\UQH $QLPDO SHUVRQDOLW\
$ UHYLHZ RI WKH HYLGHQFH H[SHULPHQWDO DSSURDFKHV DQG LPSOLF

6FKDNQHU =% 0 % 3HWHOOH 2 %HUJHU 7DO 0 $ 2ZHQ DQG '7 %O
IRU FRQVHUYDWLRQ EHKDYLRULVWY UHSO\ WR *UHJJRU HW DO 7UHQGV

:DWWHUV -9 DQG &/ OHHKDQ 'LITHUHQW VWURNHYV FDQ PDQDJLC
VXFFHVV" $SSO $QLP %HKDY 6FL =}
2ZHQ 0 $ 55 6ZDLVJRRG DQG '7 %OXPVWHLQ &RQWH[WXDO LQI

VLIQLILFDQFH IRU EHKDYLRU EDVHG ZLOGOLIH FRQVHUYDWLRQ DQG PD(
%HUJHU 7DO 2 7 %OXPVWHLQ '6 &DUUROO 51 )LVKHU 6/ OHVQ
VXUYH\ RI WKH LOQOWHJUDWLRQ RI DQLPDO EHKDYLRU LQWR FRQVHUYDWL

+HUERUQ . $ 5 ODFOHRG : 76 OLOHV $1 % 6FKRILHOG / $OH[DQ
LQ FDSWLYLW\ UHIOHFWV SHUVRQOLW\ LQ WKH ZLOG $QLP %HKDY
$UD\D $MR\ < * DQG 1 - 'LQJHPDQVH &KDUDFWHUL]LQJ EHKDYLRX

VWDWLVWLFDO IUDPHZRUN 3URF 5 6RF %



$SOLQ /0 -$ )LUWK '5 )DULQH % 9RHONO 5 $ &UDWHV $ &XO
GLIIHUHQFHV LQ WKH VRFLDO SKHQRW\SHV RI ZLOG JUHDW WLWV 3DUX!
(YDQV - & DQG - ORUDQG )HUURQ 7KH LPSRUWDQFH RI SUHIHUHQ
FRQVWUDLQW RU RSWLPDOLW\ %HKDY (FRO 6RFLRELRO

1LHPHO! 37 DQG 1 - 'LQJHPDQVH ,QGLYLGXDO YHUVXV SVHXGR U
WUDQVORFDWLRQ H[SHULPHQWY LQ D ZLOG LQVHFW - $QLP ( FRO
ODWKRW .- - :ULJKW % .HPSHQDHUV DQG 1 - 'LQJHPDQVH $GI
XQFHUWDLQW\ PD\ H[SODLQ SHUVRQDOLW\ UHODWHG GLIIHUHQFHV LQ E
1LHPHO! 3 DQG 1 - 'LQJHPDQVH 2Q WKH XVDJH RI VLQJOH PHDVXI
UHVHDUFK RQ LQGLYGLXDO GLIIHUHQFHV $QLP %HKDY b
%URPPHU - 2Q EHWZHHQ LQGLYLGXDO DQG UHVLGXDO FR YDULDQF
ZLOOLQJ WR WDNH WKH ¢LQGLYLGXDO JDPELWeé" %HKDY (FRO B6RFLREL]
1DNDJDZD 6 DQG + 6FKLHO]JHWK 5SHSHDWDELOLW\ IRU JDXVVLDQ |
ELRORJLVWY %LRO 5HY b

'LQJHPDQVH 1 - DQG 1 $ 'RFKWHUPDQQ AXDQWLI\LQJ LQGLYLGXD!
PRGHOOLQJ DSSURDFKHV - $QLP ( FRO b

YDQ GH 3RO 0 DQG - :ULJKW $ VLPSOH PHWKRG IRU GLVWLQJXLV]
XVLQJ PL[HG PRGHOV $QLP %HKDY b

&RQFOXVLRQ 7KH 5ROH RI +XPDQ %HKDYLRU LQ 6RQJI

5XW] & 0 & /RUHWWR $ ( %DWHV 6 & 'DYLGVRQ & 0 'XDUWH : -
DOORZV UHVHDUFKHUV WR TXDQWLI\ WKH HIIHFWV RI KXPDQ DFWLYLW\ |
KWWSV GRL RUJ v ]
'"HUU\EHUU\ (3 -1 3KLOOLSV * ( 'HUU\EHUU\ 0 - %OXP DQG ' /XW|
%LUGV UHVSRQG WR D KDOl FHQWXU\ VRXQGVFDSH UHYHUVLRQ GXULQJ
b KWWSV GRL RUJ VFLHQFH DEG
=HOOPHU $- (0 :RRG 7 6XUDVLQJKH % - 3XWPDQ * % 3DXO\ 6
OHDUQ IURP ZLOGOLIH VLIJKWLQJV GXULQJ WKH &29," JOREDO VKXWGR
KWWSV GRL RUJ HFV
ODQHQWL 5 ( ORUL 9 'L &DQLR 6 OHUFXULR 0 3LFRQH 0 &DIIL
XJO\ Rl &29," ORFNGRZQ HIIHFWV RQ ZLOGOLIH FRQVHUYDWLRQ LQVL.
FRXQWU\ %LRO &RQVHUY KWWSV GRL RUJ M ELRFRQ
-LDQJ ; - /LX & =KDQJ DQG : /LDQJ YDFH PDVNV PDWWHU (XU
IHDU UHVSRQVHV WR SHRSOH ZHDULQJ IDFH PDVNV GXULQJ WKH &29,"
H KWWSV GRL RUJ M JHFFR H
<XQXV $3 < ODVDJR DQG < +LMLRND &29," DQG VXUIDFH ZDW
TXDOLW\ GXULQJ WKH ORFNGRZQ 6FL 7RWDO (QYLURQ KWW S\
/IRNKDQGZDOD 6 DQG 3 *DXWDP ,QGLUHFW LPSDFW RI &29," RQ
FRQWH[W (QYLURQ 5HV KWWSV GRL RUJ M HQYUHV
/ILDQ ; - +XDQJ 5 +XDQJ & /LX [/ :DQJDQG 7 =KDQJ ,PSDFW
RI &29," KLW Rl :XKDQ FLW\ 6FL 7RWDO (QYLURQ KWWSV G
=DQJDUL 6 '7 +LOO $ 7 &KDUHWWH DQG - ( OLURZVN\ $LU TXI
&29," SDQGHPLF 6FL 7RWDO (QYLURQ KWWSV GRL RUJ
%XFN - & DQG 6 % :HLQVWHLQ 7KH HFRORJLFDO FRQVHTXHQFHV |
KWWSV GRL RUJ UVEO
%DWHV $ ( 5 % 3ULPDFN 3 ORUDJD DQG & 0 'XDUWH &29,"  SI
DV D ¢*OREDO +XPDQ &RQILQHPHQW ([SHULPHQW& WR LQYHVWLJDWH EL
KWWSV GRL RUJ M ELRFRQ
%DQJ $ DQG 6 .KDGDNNDU 2SLQLRQ ELRGLYHUVLW\ FRQVHUYDW
WKH zZD\ IRUZDUG 3 1DWO $FDG 6FL 86% b KWWSV GRI
3DUN $ ( :LOOLDPV DQG 0 =XUED 8QGHUVWDQGLQJ KRSH DQG Z
FRQVHUYDWLRQ %LRO &RQVHUY KWWSV GRL RUJ M ELF
%LHVEURHN *5 - (0 .ORVWHUPDQQ & -$%$0 7HUPHHU DQG 3 .DEDW
FOLPDWH FKDQJH DGDSWDWLRQ 5HJ (QYLURQ &KDQJH b KV
\
(LVHQDFN . 6 & ORVHU ( +RIIPDQQ 5 -7 .OHLQ & 2EHUODFN $
RYHUFRPLQJ EDUULHUV WR FOLPDWH FKDQJH DGDSWDWLRQ 1DW &OLP
KWWSV GRL RUJ QFOLPDWH
&DSVWLFN 6 , /RUHQJRQL $ &RUQHU DQG / :KLWPDUVK 3URVS
WKURXJK EHKDYLRU DQG OLIHVW\OH FKDQJH &DUERQ ODQDJH b



KWWSV GRL RUJ

/IDVKOH\ 0$ O $FHYHGR 6 &RWQHU DQG & - /RUWLH +RZ WKH

SDQGHPLF FKDQJHG OHDUQLQJ (FRO (YRO b KWWSV GRL

$GHGR\LQ 2 % DQG ( 6R\NDQ &RYLG SDQGHPLF DQG RQOLQH OF

RSSRUWXQLWLHYV ,QWHUDFWLYH /HDUQLQJ (QYLURQPHQWY b  KWWS\

'RQWKX 1 DQG $ *XVWDIVVRQ (IHIHFWV RI &29," RQ EXVLQHVV DC
b KWWSV GRL RUJ M MEXVUHV

.QLIILQ .0 - 1DUD\DQDQ ) $QVHHO - $QWRQDNLV 6 3 $VKIRUG

WKH ZRUNSODFH ,PSOLFDWLRQV LVVXHV DQG LQVLJKWV IRU IXWXUH U
KWWS G[ GRL RUJ DPS
'DQQHQEHUJ 3 0 )XFKV 7 5LHGOHU DQG & :LHGHPDQQ 'LILWD
7KH *HUPDQ )RRG 2QOLQH 5HWDLO 7LMGVFKULIW YRRU (FRQRPLVFKH H(
KWWSV GRL RUJ WHVJ

(LNHQEHUU\ 6 ( 0 ODQFXVR ( ,ERL 7 3KDQ . (LNHQEHUU\ < .XD
PDVN PRGHOLQJ WKH SRWHQWLDO IRU IDFH PDVN XVH E\ WKH JHQHUDO
'LV ORGHOO b KWWSV GRL RUJ M LGP

%HUJHU 7DO 2 7 3RODN $ 2URQ < /XELQ % 3 .RWOHU DQG ' 6DC
FRQVHUYDWLRQ ELRORJ\ D FRQFHSWXDO IUDPHZRUN %HKDY (FRO
KWWSV GRL RUJ EHKHFR DUT

JHUUDUR '0 ="' OLOOHU /$ )HUJXVRQ % ' 7DIl -5 %DUEHU 3 1
FKRUXV ELUGVRQJ ERRVWV KXPDQ ZHOO EHLQJ LQ SURWHFWHG DUHDV
KWWSV GRL RUJ UVSE

'"HFNHU ' - 6 - 5LOH\ DQG : ) 6LHPHU +XPDQ 'LPHQVLRQV RI :LOC
ORUJLOOR $7 .0 GH %HXUV DQG & - ODUWLQ OLNOH $ FRQFHSW
LQWHUDFWLRQV ZLWKLQ FRXSOHG KXPDQ DQG QDWXUDO V\VWHPV (FRO
KWWSV ZZZ MVWRU RUJ VWDEOH

6KHUHHQ 0$ 6 .KDQ $ .DJPL 1 %DVKLU DQG 5 6LGGLTXH &2
WUDQVPLVVLRQ DQG FKDUDFWHULVWLFV Rl KXPDQ FRURQDYLUXVHV -
KWWSV GRL RUJ M MDUH

$IJXLUUH $$ 5 &DWKHULQD + )U\H DQG / 6KHOOH\ L,OOLFLW ZlI
SUHYHQWLQJ IXWXUH SDQGHPLFV :RUOG OHGLFDO +HDOWK 3ROLF\
5RVHQEHUJ .9 $0 'RNWHU 3 - %ODQFKHU -5 6DXHU $ & 6PLWK
1RUWK $PHULFDQ DYLIDXQD 6FLHQFH b KWWSV GRL RUJ
+DLVFKHU 0 + 5 %HLOIXVV 05 +DUW / 2SLHOLQVNL ' :UXFNH *
PDVN" *HQGHU DJH DQG ORFDWLRQ UHODWHG GLIIHUHQFHV GXULQJ W
H KWWSV GRL RUJ MRXUQDO SRQH

ODNULGLV & DQG -7 5RWKZHOO 7KH 5HDO &RVW RI 3ROLWLFDO 3
3DQGHPLF 6651 6FKRODUO\ 3DSHU 1R ' 5RFKHVWHU 1< B6RFLDO
KWWSV GRL RUJ VVUQ

%URVLXV 3 - $/ 7VLQJ DQG & =HUQHU &RPPXQLWLHV DQG &RQ)\

&RPPXQLW\ %DVHG 1DWXUDO 5HVRXUFH ODQDJHPHQW 5RZPDQ $OWDPLU



